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A 
ANALYTICAL  STUDY OF A 
CONTAMINANT  AND  ATMOSPHERIC  SENSOR 
THE PERKIN-ELMER  CORPORATION 
INTRODUCTION 
As  the  projected  duration  of  manned  spacecraft  missions  has  increased,  a  need 
to  measure  more  accurately  the  parameters  influencing  man in  his  closed  ecological 
system  has evolved. In the  early  stages  of  the  program it was  necessary  to  monitor 
only  the  major  atmospheric  components.  As  man's  exposure  to  these  closed  environ- 
ments  has  increased, so has  the  complexity  of his environment. The result  of 
this  evolution  has  been  the  need  for  the  development  of  a  front  line  atmospheric 
monitor  capable  of  indicating  the  general  condition  of  a  spacecraft  cabin  atmosphere. 
It is the  purpose  of  this  study  to  define  an  instrument  capable of meeting  the 
needs  of  present  and  future  extended  mission  manned  spacecraft. 
The proposed  design  of ;he instrumentation  described  in  this  report  is  based 
on an  existing  analytical  instrument.  Under  NASA  Contract  NAS 1-5679, Development 
of  a Two Gas  Atmosphere  Sensor  System  (Mass  Spectnmeter),  Perkin  Elmer  Aerospace 
Systems  studied  the  use  of  a  mass  spectrometer  sensor  system  to  measure  the  partial 
pressures  of  oxygen,  nitrogen,  carbon  dioxide  and  water  vapor  within  a  space 
vehicle  cabin  environment.  The  contract  called  for  this  sensor  system  to  be 
compatible  with  the  Apollo  cabin  environment  (as  well  as  possible  extensions of 
the  Apollo  mission)  and  to  be  capable  of  presenting  electrical  voltage  outputs 
which  were  suitable  for  input  to  existing  cypes o f  atmosphere  control  devices 
as well as  probable  control  systemc  on  vehicles  of  longer  duration,  and  for 
telemetry  and  visual  display. The final  report  under  this  contract  presented 
the  results  of  this tudy, and  recommended  the  use  of  a  single-focusing  magnetic 
sector  type of mass  spectrometer.  The  study  included  an  examination  of  weight, 
electrical  power  requirements,  complexity,  and  compatability  with  system  perform- 
ance  goals.  A  detailed  analysis  of  this mh,+etic sector  instrument  led  to  a 
design,  which  was  documented  in  the  final  report  under  this  contract.  Expected 
performance  of  this  system  was  given  and no  fundamental  problems  were  anticipated 
in  the  attainment  of  these  goals  in  the  fabrication and-testing of  a  flight 
prototype  instrument. 
The  fabrication  of  unlts  based  on  this  design  was  undertaken  under  Langley 
Research  Center  contract  NAS 1-6387. One  engineering  test  model  and  four  flight 
prototype  units  will  result  from  this  effort. 
The  flight  prototype  hardware  design  embodies  inherent  ruggedness,  operational 
simplicity,  reliability,  minimum  power  requirements,  optimum  size  and  weight 
compatible  with  flight  environments.  The  major  requirements  of  NPC  200-2,  200-4, 
and  250-1  such  as  reliability  analysis,  certified  soldering  personnel and drawing 
change  control  were  implemented  as  agreed  to  with  LRC. 
F o r  e l e c t r o n i c  s u b s y s t e m s ,  e s t a b l i s h e d  r e l i a b i l i t y  p a r t s  a n d  c o m p o n e n t s  
were u s e d  w h e r e  p o s s i b l e ,  a n d  i n  g e n e r a l ,  e l e c t r o n i c  p a r t s  were s t r e s s e d  t o  n o  
more than  50% o f  r a t i n g .  E l e c t r o n i c  p a r t s  r e c e i v e d  1 0 0 %  s c r e e n i n g  f o r  known 
types  o f  de fec t s .  The r e l i a b i l i t y  a n d  q u a l i t y  a s s u r a n c e  e f f o r t  f o r  t h e  d e v e l o p -  
ment  of t he  senso r  sys t em w a s  f l e x i b l e  enough fo r  t he  changes  r equ i r ed  by t h e  
deve lopmen ta l  na tu re  o f  t he  t a sk ,  bu t  t hey  w i l l  a s s u r e  t h a t ,  f o r  t h e  d e l i v e r a b l e  
items a l l  m a j o r  r e l i a b i l i t y  a n d  q u a l i t y  a s s u r a n c e  r e q u i r e m e n t s  h a v e  b e e n  m e t .  
T h e s e  e f f o r t s  p r o v i d e  a s s u r a n c e  t h a t ,  f o r  p o s s i b l e  f u t u r e  f l i g h t  a r t ic les ,  t h e  
i m p o s i t i o n  o f  t h e  f u l l  r e l i a b i l i t y  a n d  q u a l i t y  a s s u r a n c e  p r o v i s i o n s  f o r  manned 
f l i g h t  w i l l  r e s u l t  i n  minimum d i sc repanc ie s  in  the  des ign  and  manufac tu r ing  
procedures ,  and a t  t h e  same time, t h e  l i m i t e d  a p p l i c a t i o n  o f  t h i s  t e c h n o l o g y  
w i l l  r e s u l t  i n  a d e l i v e r e d  s e n s o r  t h a t  shows improved r e l i a b i l i t y  and qua l i ty  wi th -  
ou t  t he  expend i tu re  o f  t he  time a n d  e f f o r t  t h a t  would be required i f  t h e  s e n s o r  
system were to  be  des igned  and cons t ruc t ed  unde r  the  comple t e  app l i ca t ion  o f  
these documents.  
The Two Gas Atmosphere Sensor System 
The Two Gas Atmosphere Sensor System consists of a small s i n g l e  f o c u s i n g  
90° magnet ic   sector- type mass spec t rometer .   Ions  are s u p p l i e d  t o  t h e  a n a l y z e r  
from a non-magne t i c  dua l  e l ec t ron  gun ,  h igh  d i f f e ren t i a l  pumping ion  source  wi th  
a p a r a l l e l  e l e c t r o d e  i o n i z i n g  r e g i o n ,  and a thermal  imaging type of  ion focusing.  
The i o n i z i n g  beam o f  e l e c t r o n s  i s  obtained from one of two 0.003-inch diameter 
tungsten-rhenium  al loy wire f i l a m e n t s .  The o b j e c t  s l i t  p l a t e  o f  t h e  i o n  s o u r c e  
a l so  forms  the  mount ing  p la te  for  the  ion  source  components  on  one  s ide  and  the  
z-axis   focus  lens   e lements   on  the  other   s ide.   This   assembly is mounted i n  a 
th in-wal led  hous ing  which  is  an  in t eg ra l  pa r t  o f  t he  ana lyze r  enve lope  and  
co l lec tor   f lange   assembly .  The mass r e s o l u t i o n  is accomplished by t h e  a c t i o n  
of the  magnet ic  f ie ld  ( f rom an  Aln ico  V permanent magnet) as t h e  i o n s  p a s s  
through  the   envelope   sec t ion   of   the   ana lyzers .  The f o u r  g a s e s  o f  i n t e r e s t  are 
sepa ra t ed  and sampling collectors which are mounted  on t h e  c o l l e c t o r  f l a n g e .  
These gases are H20, N2, 02, and CO which correspond to  ion mass- to-change 
r a t i o s  o f  m/e 18, m / e  28, m / e  32,  and m / e  4 4 .  
The cabin atmosphere is a d m i t t e d  t o  t h e  i o n  s o u r c e . t h r o u g h  a v i scous  
p r e s s u r e  d i v i d e r  i n l e t  s y s t e m .  T h i s  c o n s i s t s  o f  a s i n g l e  c a p i l l a r y  l i n e  and a 
pump o u t  l i n e  w i t h  a p l a t inum ape r tu re  molecu la r  l eak  at  t h e i r  c o n j u n c t u r e .  T h i s  
system can sample a t  v a r i o u s  p o i n t s  i n  t h e  c a b i n  o r  b e  a t t a c h e d  t o  a s u i t  l o o p  
o r  c a l i b r a t i o n  s o u r c e .  
The i n t e r n a l  vacuum n e c e s s a r y  f o r  o p e r a t i o n  o f  t h e  a n a l y z e r  c a n  b e  main- 
t a i n e d  by  pumping to  ou te r  space  th rough  a pump ou t  t ube  o r  by accessory  pumps. 
Each  of t h e  c o l l e c t e d  i o n  c u r r e n t s  is a m p l i f i e d  t o  t h e  r e q u i r e d  o u t p u t  l e v e l  
by  an 211 s o l i d - s t a t e  e l e c t r o m e t e r  a m p l i f i e r .  Each a m p l i f i e r  is  set f o r  t h e  s e n s -  
i t i v i t y  commensurate with the expected sample range of  that  a tmospheric  component .  
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These  ampl i f ie rs  have  a high input  impedance and ut i l ize  100% curren t  feed-  
back t o  o b t a i n  a n  o u t p u t  w h i c h  is es sen t i a l ly  independen t  o f  any  ac t ive  dev ices  
which is e q u a l  t o  t h e  i n p u t  c u r r e n t  m u l t i p l i e d  by the  f eedback  r e s i s t ance .  
I n  a d d i t i o n  t o  t h e  f o u r  i o n  a m p l i f i e r s  t h e  s e n s o r  s y s t e m  s u p p o r t  
e l ec t ron ic s  subsys t em cons i s t s  o f  t h ree  modu les  wh ich  p rov ide  the  e l ec t ron ic  
f u n c t i o n s  n e c e s s a r y  € o r  t h e  o p e r a t i o n  o f  t h e  a n a l y z e r .  F i r s t ,  t h e r e  i s  a f i l amen t  
supply  and  emiss ion  regula tor  which  suppl ies  an  ac v o l t a g e  t o  t h e  f i l a m e n t .  T h i s  
supply  is a cl .osed loop control  system which senses  on the ionizing current  col lect-  
ed a t  the  anode  o f  t he  ion  source  and 'uses  th i s  f eedback  cu r ren t  t o  c o n t r o l  t h e  
f i l a m e n t   c u r r e n t  so tha t   t he   i on iz ing   cu r ren t   r ema ins   cons t an t .   Sys t em  cons ide r -  
a t i o n s  a l s o  r e q u i r e  t h a t  t h i s  module be floated above ground a t  t h e  a n o d e  p o t e n t i a l .  
An i n v e r t e r  is  used  fo r  t h i s  and  i t s  pulse  wid th  modula ted  output  dr ives  the  
f i l amen t .  
The e l e c t r o d e  b i a s  s u p p l y  p r o v i d e s  t h e  v o l t a g e s  t o  t h e  v a r i o u s  f o c u s i n g  elec- 
t r o d e s  i n  t h e  i o n  s o u r c e .  It cons i s t s  o f  a s i n g l e  i n v e r t e r  w i t h  a mul t ip le  winding  
o u t p u t .  S e r i e s  v o l t a g e  r e g u l a t o r s  o p e r a t e  o f f  o f  two o f  t h e  r e c t i f i e d  o u t p u t s  and 
t h e s e  are used t o  c o m p e n s a t e  f o r  v a r i a t i o n s  i n  two o f  t he  o the r  ou tpu t s .  The 
r e s u l t  is th ree  s t acked  h igh  vo l t age  ou tpu t s  two of  which are r e g u l a t e d  and t h e  
t h i r d  is unregula ted .   These   ou tputs  are loaded by a v o l t a g e  d i v i d e r  resist- 
ance network with potentiometers which are c a b l e d  t o  t h e  i o n  s o u r c e  h e a d e r s .  
The d e t e c t o r  power supp ly  cons i s t s  o f  a s i n g l e  free running inverter  which 
d r i v e s  B+ and B- series regu la to r s .  These  r egu la to r s  ope ra t e  us ing  a common zene r  
d iode  re ference  and  supply  +10 and -10 v o l t s  t o  t h e  d e t e c t o r s .  
DESIGN  ANALYSIS 
Statement of the Problem 
In  order  tha t  the  per formance  of  an  envi ronmenta l  cont ro l  sys tem may be 
s u b j e c t e d  t o  a f i r s t  o r d e r  e v a l u a t i o n ,  i t  is requ i r ed  tha t  an  in s t rumen t  b e  
devised which i s  capab le  o f  p rov id ing  in fo rma t ion  r e l a t ing  to  the  concen t r a t ions  
of  hydrogen,  hel ium or  ni t rogen,  oxygen,  carbon dioxide,  water vapor ,  carbon mon- 
oxide,   methane  and  total   hydrocarbons.  The b a s i s  f o r  t h e  s e l e c t i o n  o f  t h e s e  
a tmosphe r i c   cons t i t uen t s  is n o t   w i t h i n   t h e   s c o p e   o f   t h i s   r e p o r t .  The concen t r a t ion  
r anges  a s soc ia t ed  wi th  the  se l ec t ed  gases  are shown i n  T a b l e  1. 
TABLE 1 
Hydrogen 0 t o  1 6  t o r r  (0 t o  40,000 PPM) 
Helium 0 t o  200 t o r r  (0 to  500,000 PPM) 
Oxygen 0 t o  200 t o r r  (0 t o  500,000 PPM) 
Carbon Dioxide 0 t o  20 t o r r  (0 t o  50,000 PPM) 
Water Vapor 0 t o  20 t o r r  (0 t o  50,000 PPM) 
Carbon Monoxide 0 t o  30 mg/m3 (0 t o  48 PPM) 
Methane 0 t o  650 mg/m3 (0 t o  1 ,950 PPM) 
Total  Hydrocarbons 0 t o  1,000 PPM 
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Analy t i ca l  D i scuss ion . -  The major  a tmospher ic  cons t i tuents  have  been  moni tored  
u s i n g  t h e  b a s i c  Two Gas Atmosphere Sensor  System. With minor  modif icat ion,  analysis  
has  been  provided  for  both  nitrogen-oxygen  and  helium-oxygen  atmospheres.   There is 
n o  r e a s o n  t o  b e l i e v e  t h a t  e x t e n d i n g  t h e  a n a l y t i c a l  c a p a b i l i t y  o f  t h e  b a s i c  s y s t e m  
would r e s u l t  i n  any determined inf luence on the measurement  of  these const i tuents .  
The b a s i c  Two Gas Atmosphere Sensor System is  capable  of  a r e s o l v i n g  power of 
18. This  is  s u f f i c i e n t  t o  s e p a r a t e  t h e  f o u r  g a s e s  m o n i t o r e d  f r o m  t h e i r  n e a r e s t  
ne ighbors .  The  r equ i r ed  r e so lu t ion  to  sepa ra t e  each  gas  f rom i ts  nea res t  ne ighbor  
o f  m a g n i t u d e  s u f f i c i e n t l y  l a r g e  t o  c a u s e  i n t e r f e r e n c e  is: 
Resolving Power Required 
H20 1 8  
02  10 
N 2  10 
co2 15 
In  p rev ious  Two Gas Atmosphere Sensor Systems these values were r e a d i l y  
obta ined .  No s e r i o u s  i n t e r f e r e n c e  o r  c r o s s t a l k  p r o b l e m s  h a v e  p r e v i o u s l y  o c c u r r e d  
in   the   moni tor ing   of  H20, 02, N2, and C02. There is n o  r e a s o n  t o  a n t i c i p a t e  t h a t  
new in te r fe rence  problems w i l l  occur.  
Measurement  of H2 and He.  
H2 and He form low-mass ions  wh ich  r each  the i r  foca l  po in t  i n s ide  the  magne t s  
f i e l d .  U n l i k e  t h e  o t h e r  i o n s ,  m / e  2 and m / e  4 r e q u i r e  c o l l e c t o r s  i n  t h e  g a p  o f  
the magnet.  
The s e n s i t i v i t i e s  needed for measurement of H e  and H2 were determined from 
the   concen t r a t ion  liinits s p e c i f i e d  i n  t h e  work s ta tement .   Us ing   the  1% f u l l - s c a l e  
r u l e ,  a lower limit i s  determined. The concen t r a t ion  limits become: 
H2 400 t o  40,000 PPM 
H e  5,000 to   500,000 PPM 
These concentrat ion limits f a l l  w e l l  w i t h i n  t h e  d e t e c t a b l e  limits of which the 
Two Gas Atmosphere  Sensor  System i s  capable .  The lower limit value  can  be  lowered 
i f  d e s i r e d .  The s e n s i t i v i t y  o f  t h e  Two Gas Atmosphere  Sensor  System  can  permit a 
d e t e c t a b l e  limit i n  t h e  1 0  PPM range  fo r  H2 and i n  t h e  50 PPM range  fo r  H e .  An . 
ana lys i s  o f  t he  lower  de t ec t ab le  limits of which the Two Gas Sensor i s  capable  i s  
found i n  Appendix A .  
Resolut ion  requirements   can  be  very low f o r  a He and H2 measurement. A r e so lu -  
t i o n  of 2 i s  r e q u i r e d  t o  s e p a r a t e  H e  (m/e 4 )  from H2 ( m / e  2 ) .   T h i s   r e s o l u t i o n  is 
about 119th of the maximum reso lu t ion  o f  t he  Two Gas Sensor.  No reso lu t ion  problem 
should occur.  
The on ly  poss ib l e  in t e r f e rence  o f  any  magnitude i s  due t o  He* b e i n g  c o l l e c t e d  
a t  m / e  2 .  By examining mass s p e c t r a  o f  He, i t  was found  tha t  t he  m / e  2 peak  (Hew) 
due t o  H e  was 0.12%  of  the m / e  4 (He) peak. If a maximum H e  concen t r a t ion  o f  
500,000 PPM is  expec ted ,  a m / e  2 c u r r e n t  of  (0.12 x (5 x lO+5) = 600 PPM due 
t o  He is  c a l c u l a t e d .  T h i s  c o n t t i b u t i o n  i s  g r e a t e r  t h a n  t h e  minimum r e q u i r e d  meas- 
urement f o r  H2 of 400 PPM A s u b t r a c t i o n  c i r c u i t  w i l l  be   requi red .  
4 
I 
An investigation  of  the.z-axis  focusing  for  m/e 2 and 4 is  required  to 
determine  if  a  portion  of  the  ion  beam  will  be  lost  due  to  collisions  with  the 
analyzer  wall. A degradation  of  the  beam  intensity by  losses  caused  by 
collisions  with  the  analyzer  wall  lowers  the  sensitivity  of  the  mass  spectro- 
meter  and  gives a  current  reading  not  truly  indicative  of  the  partial  pressure 
of  the  ion  species. 
The  z-axis  focusing  of  the Two Gas Sensor  consists  primarily  of  two  parts. 
They are: 
(1) Focusing  due to  the  ion  source 
(2) Focusing  due to  fringe  field of the  magnet 
Focusing  due to  the z-axis electrodes  is  independent  of  the  mass  of  the 
ion. An analysis  of  this  effect  is  found  in  NASA  Final Report, "Two Gas 
Atmosphere  Sensor  System",  Phase 2B. 
Z-axis focusing due to  the  magnetic  fringe  field is mass  dependent. The 
z-axis focusing  for m/e 2 and 4 acts to spread  (defocus) the ion  beams. 
Whether  z-axis  focusing is  focusing, or  defocusing, is  dependent on the  angle 
the  ion  beam  makes  with  the  pole  face  (see  Figures 1 and 2). 
Focusing  occurs  when E is  positive,  that is, increasing  towards the 
center  of  curvature.  Defocusing  occurs  when E is negative.  Analyzing  the 
computer  trajectorties  for m/e 2 and 4 shows  that E for m/e ,2 and 4 is 
negative,  defocusing. A derivation  of  the  angle  of  deflection  in  z-axis 
focusing  follows: 
The force  acting  on  an  ion  in a magnetic  field can be expressed  in  terms 
of  force  components. 
therefore, 
e m (VyBz z y - V B )  
m @xBy y x e - v B )  
BX 
z 
V 
X 
V 
X 
z 
= -Y 
= o  
= xBy (E) 
= j r  tan E 
- 9 tan€ 
- ~ tan€ B - e dt Y m  
dt 
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Y 
A-254C 
FIGURE 1 
Z-Axi s Focus i ng 
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FIGURE 2 
Z-Axis Focusing  and  Defocusing 
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Ampere's C i r c u i t a l  Law Diagram 
t h e r e f o r e ,  
z = z  y = o  z =  z y = m  
I- 0 BY dy = BZ 1 dz 
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Using  the  so lu t ion  fo r  
co 
and obta in  ; = -  t a n  E Bz 
e 
m 
The angle  of d e f e c t i o n  i s  g iven  by i / v  
0 
IJ = -  
0 m 
reB 
t h e r e f   o r e ,  
z t a n €  
r 
a =  
where z i s  the  ha l f -he igh t  o f  t he  beam e n t e r i n g  t h e  f i e l d  a n d  r i s  r ad ius  o f  t he  
ion.   For  a l eng th   pa th  of c i n  t h e  f i e l d  a change i n  z of 
c s i n  a c a  = c z  t a n  E r 
i s  obta ined .  
There i s  a similar d e f l e c t i o n  of t h e  beam  when it  e x i t s  t h e  f i e l d .  B u t  
m/e 4 i s  c o l l e c t e d  i n s i d e  t h e  f i e l d  and cons ide ra t ion  o f  t he  ex i t  de focus ing  
i s  no t  r equ i r ed  ( see  F igu re  4 ) .  
Next e v a l u a t e  a and ac 
r = 1.08 cm,  c = (0.75)  (2.54)cic 
t 2 8'-+15', c = 1.93 cm 
( E  i s  determined from plots of computer data) 
f o r  a = 8' 
f o r  E = 15' 
a =  (0.075)  (0.267) 
1.08 0.0193 a =  1.1' 
I "" . ."" . .. . . . . . . 
Z AXIS  
LENS 
LENS. Z AXIS  FOCUS 
FOCUS GND 
LENS 1 D I STANCE -1.60 
LENS, ' b  Z AXIS  
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FOCUS GND 
LENS, 
FOCUS 
I 
MAGNET POLE  FACE 
INNER WALL 
n SCALE 0.05cm -
0 .5cm 
2 AXIS  
GND 
H/E = 4 COLLECTOR 
M/E = 2 COLLECTOR 
A-256C 
Z - A x i s   F o c u s  Design S c h e m a t i c   W i t h   T r a j e c t o r y   C o n s t r u c t i o n  
FIGURE 4 
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f o r  E = 8' 
for E = 15' 
dc = 0.014 cm 
ac = 0.0376 cm 
The m/e 4 collector  is  found to be 1.93  cm from the  magnet  boundary  and  has 
a  half  height  of 1.35 cm in  the z direction. B y  adding the  c value to  the de- 
flection  of  the  worst  case  shown  in  Figure 4 ,  the  effects  of the.electrode and 
fringe  field  are  found. Figure 4 shows that  focusing  effects of the  lens. Not- 
ing  that  the  worst  case  is  approximately 0.035 cm from the  safety  margin  line 
and  about 0.05 cm  frgm the  end  of  the  collector. Therefore,  z-axis  defocusing 
does  not  cause loss of  ions, at  least  within  the  accuracy  of  the  derivation  and 
measurement  of 
The values  of  interest  for  m/e 2 are 
r = 0.765 
z = 0.075 
= 15O - 25' 
for a = 15' 
-  (0 .075)   (267)  
0.765 
= 0.0259 
0 . -  -% = (0 .0259)   (1 .14)  = 0.0296 
€or a = 25' 
= (0.0442)  (1.14) = 0.050 
Therefore, it  is  noted  that m/e 2 also  falls  within  the  safety  margin. A further 
analysis  for  the  other  masses  is  not  needed  since  m/e 2 and  m/e 4 are  the  worse  cases. 
Measurement  of  Methane  and Total  Hydrockzbons 
It has  been  determined  that  it  would  be  of  great value to  measure  indepen- 
dently  the  concentration  of  methane  and  the  total  concentration  of  other  hydro- 
carbons,  With  separate  measurement,  the  sensitivity  ranges  of  the  two  outputs 
can be  adjusted  to  provide  a  more  adequate  and  meaningful  assay of the  environ- 
mental  control  system  performance. 
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Se,nsitivities~.nee.d=ed for msas.ur-ementpof meth-ane  and  total  hydrocarbons.- 
Methane  has a molecular  weight  of  16,  buc  the  fact  that  the  atmosphere  to  be 
sampled is 50% oxygen,  which  was  a 10%  peak  at m/e  16,  forbids the  use of m/e  16 
to  detect  methane. The m/e -15 peak  from  methane  is  almost as large as the 
parent  m/e 16 peak. Mass  spectral  data  gives the  m/e  15  to  m/e  16  ratio  as 
abou't 0.9. Therefore, the  m/e  15  collector  would be used  as an indicator  of 
the  amount of methane  present. 
The  hydrocarbons to  be  monitored  are  generally  organics with  molecular 
weights  above 50 A.M.U. It is  envisioned  that a large  bucket  could  be  used  to 
collect  m/e  in  the 47 to 120  ranges as  an  indication of the  hydrocarbons  pre- 
sent. The lower  limit  of 47 was  chosen  primarily  for  two  raasons.  The  first 
is that few  organics  have  substantial  contributions  in the 44-46 range. Second, 
no  incrase  in  resolution  of  the h o  Gas Atmosphere  Sensor  System  is  required 
to separate  m/e 44 from  m/e 47. 
The expected range of  concentrations  for  methane  is 0 to 650 mg/m3 
(0 to 1,950 PPM). Since  the  measurement  of  a  zero  quantity  of  methane  is  an 
impossibility,  a  lower  limit  of 1% of  the  full-scale  reading  (2,000  PPM) was 
taken as being  sufficient. This  sets the  lower  limit  to  be 20 PPM. The sen- 
sitivity  of  the  present  Two  Gas  Atmosphere  Sensor  System  is  about  1 x 
amps/torr  for  nitrogen. The  sensitivities  for  nitrogen  and CH4 are  within 
approximately 10% of  each  other. The sensitivities  for  nitrogen  and CH4 will 
be considered to 1 x amps/torr. The Two Gas  Sensor is designed to operate 
at a pressure of 2 x torr. Therefore,  a  methane  atmosphere  would  give  an 
ion  current o f  2 x 10-10 amps.  Amplifier  noise  and  drift  can  be  reduced to 
the 1 x amp level. Taking a signal-to-noise ratio of 2 to be sufficient 
for  this  application, we find  a minimum  detectable  concentration of 10 PPM 
methane. Therefore, it is  noted  that  the  present Two Gas Sensor  has  adequate 
sensitivity  for  the  detection  of  methane. 
The  sensitivity  needed  for  the  monitoring o f  total  hydrocarbons  was  deter- 
mined  by  two  methods. The  first  method  utilized  the  procedure  used  for  methane. 
One  percent of the maximum or  full-scale  reading  was  taken  as  the  lower  limit. 
This  value  is  10 PPM. Assuming  a  sensitivity  of  the  same  value  as  for  nitorgen, 
this Two  Gas  Sensor  was  found  capable  of  a  detectable  limit  of  10 PPM assuming 
a  signal  to  noise ratio of 2. 
The second  method  used  to  determine  the  needed  sensitivity  required  the 
formation  of  an  atmosphere. MOL documents  specify  an  expected  contaminant  range 
of 50 rng/m3  to 500 mg/m3.  Fifty  contaminants  were  selected to  form  an  atmosphere 
in  the  concentration  range  specified. This  data  was  reduced to  determine  the 
expected  m/e 47-120 concentration  in PPM. The  results  for the  fifty  contaminants, 
each  occupying  1/50th  of  the  atmosphere  by  weight  were: 
PPM m/e 47-120 
39 PPM 
500 mg/m3 390 PPM 
50 mg/m 3 
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For  concent ra t ion  leve ls  even  down t o  1 2 . 5  mg/m3, t h e  s e n s i t i v i t y  o f  
t h e  Two Gas Sensor i s  s u f f i c i e n t .  A d e t a i l e d  a n a l y s i s  o f  t h e  c a l c u l a t i o n s  p e r -  
formed i s  found i n  Appendix A .  
I n t e r f e r e n c e  i n  measuring=.- The p r imary   i n t e r f e rence   w i th   t he   measu re -  
ment  of THC a t  d e  471120 i s  due to  the isotopes carbon and oxygen from C 0 2 .  
The na tura l  percentage  abundancies  of  the  i so topes  of  carbon and  oxygen are :  
C 1 2  N 100% 
0 l 6  - 100% 
C l 3  = 1.11% 
0 l 7  = 0.037% 
OI8 = 0.204% 
From the  percentage  abundancies  i t  can  be  determined  the  45,  46,  and  47  ion 
cu r ren t s  due  to  i so topes  o f  carbon and  oxygen  from CO2. 
c13 ( p ) ,  = - - 1.11 x 
100 
m/e 46 ,  
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T o t a l s  
a ' Mas= 45 = 1.18 x ' 
Mass 46 = 4.0 x 
The v a l u e s  are c a l c u l a t e d  f o r  masses 45,  46,  and  47.  The  fraction  becomes  even 
smaller f o r  masses 48 and 49. 
A C 0 2  concen t r a t ion  o f  20 to r r  co r re sponds  to  50 ,000  PPM. The  45  peak  due 
t o  i s o t o p e s  i s  a l i t t l e  over  1% of   t h i s   va lue ,   app rox ima te ly  500 PPM. S i n c e  t h e  
r e so lu t ion  o f  t he  in s t rumen t  i s  only  about  12-16 a t  m / e  44, m / e  45 w i l l  no t  be  
separa ted   f rom 47. The  xpected  hydrocarbon level i s  less  than  500 PPM. There- 
fo re ,   mos t   o f   t he   i on   cu r ren t  a t  m/e 47-120 i s  due t o  C02. T h i s  c a n  b e  e a s i l y  
c o r r e c t e d  b y  p l a c i n g  t h e  t o t a l  h y d r o c a r b o n  c o l l e c t o r  i n  p o s i t i o n  f o r  c o l l e c t i o n  
of m / e  49-120.  This  minor  adjustment w i l l  enable  m / e  45  and  46 n o t  t o  b e  c o l -  
l e c t e d   i n   t h e   t o t a l   h y d r o c a r b o n   c o l l e c t o r .   A l s o ,  i t  should  be remembered t h a t  
the   worse   case  C02 v a l u e ,  20 t o r r ,  was u s e d   i n   t h i s   d i s c u s s i o n .  I t  i s  probable  
i s  t h a t   t h e   a c t u a l  C02 c o n c e n t r a t i o n  w i l l  be   considerably  lower.   Because  the 
r e s o l u t i o n  i s  only  about  15,   hydrocarbons  of mass 47-120  and C02 i so topes  o f  
mass 47,  48,  and  49 w i l l  s t i l l  be   co l lec ted .   The  C02 c o n t r i b u t i o n  a t  masses 
47,  48,  and  49 i s  very  small and  can  be  neglected. 
I - n t e L f x E e s  on the methane measurement.- The in t e r f e rence  p rob lem fo r  
methane i s  d i f f e r e n t   f o r   e a c h  o f  t he  two atmospheres.  In the  oxygen-helium a t -  
mosphe re ,   i n t e r f e rence  a t  m/e 15 i s  due   p r imar i ly   t o  016 t a i l  from  02.  The at-  
mosphere i s  one-half   02.  9f6 i s  about  10% i n  abundance   wi th   respec t   to  0; f o r  
70 e .v .  e l e c t r o n s .   T h e r e f o r e ,  we can  expect  a c u r r e n t  o f  about 50,000 PPM a t  
m / e  16 due t o  OT6. This  i s  a va lue  of  about  50 times the  expected  methane  con- 
t r i b u t i o n   o f  m / e  15.  Since  one  peak i s  s o  much l a r g e r   t h a n   t h e   o t h e r ,   t h e   p o s s i -  
b i l i t y  e x i s t s  t h a t  t h e  t a i l  from m / e  16  could  washout m / e  1 5 .  
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The Johnson-Nier  Equat ion '  g ives  the  express ion  for  the  d isp lacement  of  a 
r a y  f r o m  t h e  c e n t r a l  r a y  d u e  t o  s m a l l  v a r i a t i o n s  i n  i n i t i a l  d i s p l a c e m e n t ,  v e l o c -  
i t y ,  mass ,  o r  angle :  
g = d {cos 9 - ni  sin$} + r o 6  (1 cos  $ + ni sir.$) 
and 
where : 
-112 roa2 {g' + $} 
6 = P + Y  
4 = a n g l e   o f   d e f l e c t i o n   i n   t h e   m a g n e t i c   f i e l d  
d = i n i t i a l   d i s p l a c e m e n t  from t h e   c e n t r a l   r a y  
r = r a d i u s  of c u r v a t u r e   i n   t h e   m a g n e t i c   f i e l d  
0 
= v e l o c i t y   d i s p e r s i o n  = A v /v  
y = mass d i s p e r s i o n  = A m / m  
n = -  
0 r 
0 
EO 
n = -  
0 
X 
i r 
E = ob j e c t - m a g n e t   b o u n d a r y   d i s t a x e  
0 
x = image  magnet  boundary  distance 
g = cos  ( tan- '   n i l   /cos   ( tan- '   no> 
T h e s e   r e l a t i o n s h i p s   a r e   f o u n d   i n   F i g u r e  5 . It  can  be shown t h a t   t h e   b i g g e s t  
a b e r r a t i o n  i s  the  a a b e r r a t i o n  a n d  t h e r e f o r e ,  t h e  f i r s t  s t e p  i n  o r d e r  t o  r e d u c e  
ove r l ap  i s  t o  make t h e  f i r s t  o r d e r  a l p h a  f o c u s  a s  c l o s e  t o  z e r o  a s  p o s s i b l e .  
"Angular  Aberrat ions in  Sector-Shaped Electromagnet ic  Lenses  for  Focusing 
Beams of  Charged P a r t i c l e s " ,  P h y s i c a l  Review Vol. 91, No. 1, J u l y  1, 1953 
by E. G. Johnson and A. 0. Nier. 
~~~~ 
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Magnetic  Focusing  Relations 
15 
I 
The only  nega t ive  term i n  t h e  e q u a t i o n  i s  aL term 
Negative terms r e f e r  t o  s p r e a d i n g  ( o r  t a i l s )  on t h e  low mass s i d e  w h i l e  t h e  p o s i -  
t i v e  teras r e f e r  t o  s p r e a d i n g  a n d  t a i l s - o n  t h e  h i g h  mass s i d e .  As can  be  shown, 
t h e  l a r g e s t  t a i l  i s  on the high mass s ide of  the peak.  
One group of  ions  which  cont r ibu te  to  ta i l s  a re  the  ions  which  ' l eave  the  
s o u r c e  a t  a l a r g e  a n g l e  a. By f a r  t h e  g r e a t e s t  i o n  d e n s i t y  i s  found i n  t h e  c e n -  
ter  of t h e  i o n  beam.  The dens i ty  dec reases  sha rp ly  a s  one  moves f rom  the   cen ter  
of t h e  beam. P rope r  ba f f l i ng  can  be  des igned  tha t  w i l l  e l imina te  most  of these  
i o n s  w h i c h  c a u s e  t h e  t a i l s  a n d  y e t  n o t  s e v e r l y  e f f e c t  t h e  i n t e n s i t y  of t h e  i o n  
beam. It i s  expec ted  tha t  the  problem of  in te r fe rence  a t  m / e  15  due t o  tile low 
mass s i d e  of m/e 16 can be solved by the  use  o f  s u c h  b a f f l i n g  and s t o p s .  
When o p e r a t i o n  i n  a nitrogen-oxygen atmosphere i s  cons ide red ,  a number  of 
problems  occur a t  m/e 15. I n t e r f e r e n c e  due t o  
(1) 016 t a i l  
(2)  N15 i s o t o p e  + 
( 3 )  N14 t a i l  + 
need be considered.  The problem  due t o  016 in   an   n i t rogen-oxygen  a tmosphere  i s  
e s s e n t i a l l y  t h e  same as  in  the hel ium-oxygen atmosphere previously discussed.  
I n t e r f e r e n c e  w i l l  o c c u r  a t  m / e  15  due t o  t h e  m / e  15 i so tope  of  n i t rogen .  
+ 
The natural  abundance of N15 i s  0.37%. 
C a l c u l a t i n g  t h e  f r a c t i o n  of m / e  2 8  t o  be found a t  m / e  15 due t o  t h e  N 15 
i so tope  w e  o b t a i n  
-0.74 + (0.37>* 
100 lo4 
0.74 x 
= 7.4 x 10-3 
a s  t h e  f r a c t i o n  of N2 molecules  having an N15 atom. 
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Half  of the  a tmosphere  in  the  n i t rogen-oxygen a tmosphere  case  is n i t rogen .  
Therefore ,  500,000 PPM N 2  i s  present.   About  14%  of  the N2 (m/e  28  peak in t en -  
s i t y  i s  found a t  m / e  14, about 70,000 PPM. Due t o  t h e  N 1 5  i so tope  about  500 PPM 
of  N15 w i l l  b e  c o l l e c t e d  i n  t h e  m / e  15  co l l ec to r .  Th i s  i s  about  1/4  the  maxi- 
mum methane c u r r e n t .  This i s o t o p i c   i n t e r f e r e n c e   c a n   b e   s u b t r a c t e d   o u t   o f   t h e  
s i g n a l  by means of d i f f e r e n t i a l  a m p l i f i e r s .  The m / e  28  peak w i l l  be  due  almost 
e n t i r e l y  t o  N3. The amount  of Nj5 can  be  determined i f  t h e  amount  of 9 is  
known. T h i s  r a t i o  i s  a d e f i n i t e  number a t  a g iven  tempera ture  for  a given  mass 
spec t rometer .  The number 7.4 x lom3 i s  a n  estimate of   the  f l5/N;   ra t io .   This  
r a t i o  c a n  be   de te rmined   accura te ly  on the  mass spectrometer   to   be  used.  The 
p r o b l e m  o f  i s o t o p i c  i n t e r f e r e n c e  a t  m / e  15  i s  no t  a d i f f i c u l t  one t o  overcome. 
The most d i f f i c u l t  problem of i n t e r f e r e n c e  i n  a ni t rogen-oxygen atmosphere 
a t  mass  15 i s  due t o  t h e  N14 t a i l s .  The N14  c o n c e n t r a t i o n  i s  about  50 times 
la rger   than   the   expec ted   methane   concent ra t ion .  This time t h e  h i g h  m a s s  t a i l  
causes  the  problem. The t a i l  on the  h igh  mass s i d e  of t h e  14  peak i s  due  p r i -  
m a r i l y   t o  two f a c t o r s .  These f a c t o r s   a r e :  
(1) The thermal   energy   of   the   ions  
(2) The k i n e t i c   e n e r g y   o f   t h e   d i s s o c i a t i v e   f r a g m e n t s .  
(There i s  a l s o  a ap and a p 2  term bu t  t hese  terms a r e  s m a l l . )  
I n  o r d e r  t o  o b t a i n  a n  e s t i m a t e  o f  t h e  a f f e c t  of t h e  m / e  14 (N") t a i l  on 
m / e  15, c o n s i d e r a t i o n  of t h e  M a x w e l l i a n  d i s t r i b u t i o n  of v e l o c i t i e s  was necessary .  
The e n e r g y  a b b e r r a t i o n  term i s  given by 
where 
V = 225 
K2 2 1.50 
r = 2.0 
0 
and 
hV i s  t o  be  de te rmined  for  the  case  cons idered  
A vol tage  of  225 vo l t s  co r re sponds  t o  a v e l o c i t y  g i v e n  by 
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where 
V i s  v o l t s ,  M is molecu la r  we igh t  i n  A.M.U. 
= 1.39 x 10 6 .  & 225 
= 5.6 x 10 m/sec 4 
A t  a source temperature of 5OO0K, the  most  probable  thermal  ve lor t ty  of  an  N+ i o n  
i s  g iven  by 
where 
K i s  Bol tzman ' s  cons tan t  
T i s  Kelvin Temperature 
m i s  t h e  mass i n  Kg 
2)  (1.38) 5 00 =d ( (14)  (1.67) 
v = 7.7 x lo2  
" 
g i v e s  t h e  number of i o n s  w i t h  v e l o c i t i e s  l e s s  t h a n  a g iven  va lue .  X is  de f ined  
a s  
V 
X x = -  (vx i s  t h e   u p p e r   v e l o c i t y   l i m i t )  
V m 
E r r o r  f u n c t i o n  is  shown i n  T a b l e  2. Fo r  an  X va lue  of 2 .8  only 1 p a r t i c l e  
out  of  10,000 i s  no t   cons ide red .   Th i s   func t ion  i s  u s e d  t o  c a l c u l a t e  t h e  e n e r g y  
abe r ra t ion  sh i f t  wh ich  con ta ins  9 ,999  ou t  o f  10 ,000  o f  t he  pa r t i c l e s .  
" k2 Av 
- 2  ' 0 7  
2Sears  , F. W. , -Thermodynamics , Addison & Wesley (1953) Cambridge, Mass. Page 236 
18 
TABLE 2 .  - ERROR FUNCTION 
Values of the error function erf(x) = - 
X 
0.0 
0 .2  
0.4 
0 . 6  
0 . 8  
1.0 
1 .2  
1.4 
erf (x) 
0.0 
0.2227 
0.4284 
0.6039 
0.7421 
0.8427 
0.9103 
0.0523 
X 
1 . 6  
1 .8  
2 .o 
2 . 2  
2.4 
2 . 6  
2 . 8  
" 
For va lues  of x larger  than . those  given i n  the - 
erf (x) can be computed  from the semiconvergent series 
- 
2 
e dx. -X 
erf ( x )  
0.9763 
0.9891 
0 .9953 
0.9981 
0.9993 
0.9998 
0.9999 
"" 
t a b l e ,  
erf (x> = 1 - - 1 . 3  + . . ) 
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' but  
k2  (2.8)  (7.7 x 10  ) 2 . .  - . "  r 
0 (5.60 x 10 ) 
(2.8)  (7.7 x 10 ) 
(5.52 x 10 ) 
4 
2 
" - 2.0 
4 
cv = .11 cm 
This means t h a t  due to  thermal  energy  only  1 D a r t i c l e  o u t  of  10.000 w i l l  be d i s -  
placed  towards  the  15  col lector   more  than -11 cm. Therefore, the thermal 
c o n t r i b u t i o n  t o  t h e  m/e 14 t a i l  c a n  be neg lec t ed .  
Next, w e  s h a l l  d e t e r m i n e  t h e  e f f e c t  o f  t h e  d i s s o c i a t i v e  k i n e t i c  e n e r g y .  The 
k i n e t i c  e n e r g y  o f  d i s s o c i a t i o n  i s  a func t ion  o f  e l ec t ron  ene rgy .  Ta te  and  Loz ie r3  
have  presented  da ta  which  g ives  the  energy  of  d i ssoc ia t ion  of  N2 a s  a f u n c t i o n  of 
e l e c t r o n  e n e r g y .  A t  a n  e l e c t r o n  e n e r g y  o f  70 e.v. , t h e  d i s s o c i a t i v e  k i n e t i c  
energy i s  about 1 2  e .v .  s ince  the  r eac t ion  desc r ibed  i s  
e + N 2 - N + + N + 2 e  
i t  i s ' s e e n   t h a t   t h e  N i on   t akes  away 1 / 2  t h e   d i s s o c i a t i o n   k i n e t i c   e n e r g y .  As- 
suming t h a t  t h e  i o n s  h a v e  a Maxwel l i an  d i s t r ibu t ion  wi th  6 v o l t s  a s  t h e  m o s t  
p robab le  ene rgy  a l lows  the  use  o f  t he  ene rgy  abe r ra t ion  r e l a t ion  
+ 
k2 
" - r @  
2 o v  
A 6 vo l t  ene rgy  co r re sponds  to  a v e l o c i t y  of 
v = 1.39 x l o6  g= sec 
= 1.30 x lo6  
= 0.66 x lo4 
sec 
This  t ime  demanding  that  X = 2.0 i n  o r d e r  t o  a c h i e v e  1 p a r t  i n  200 c o n d i t i o n  
c a l c u l a t e  t h e  e n e r g y  a b e r r a t i o n  s h i f t  t o  be 
Ta te ,  J. T., and  Lozier ,  W. W.,  Phys. Rev. 39,  254  (1932). 
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” - K2 1 2  .-0) (0.66) ( lo4)  
1: 
0 (5.52  x 10 ) 4 
= 0.72 cm 
The separa t ion  of  the  midpoin ts  of  the  ion  beams f o r  m / e  14 and m / e  15 is  
about  00.2 c m ;  t h e r e f o r e ,  t h e  t a i l  f r o m  m / e  1 4  d o e s  c a u s e  i n t e r f e r e n c e  a t  m / e  15. 
A p r e c i s e  t h e o r e t i c a l  d e t e r m i n a t i o n  o f  c o n t r i b u t i o n  o f  m / e  14 t o  m / e  15 i s  a 
complex  problem. By f a r  t h e  s i m p l e s t  and  most  exac t  de te rmina t ion  of  the  e f fec t  
of  the m / e  14 t a i l  c a n  be  performed  experimentally.  The percentage-  of  the m / e  14 
peak  ove r l app ing  in to  the  m/e 1 5  c o l l e c t o r  c o u l d  be  determined. The determina-  
t i o n  of t h i s  v a l u e  would allow the t a i l   t o  be  subt rac ted  f rom the  m / e  15 measure- 
ment and give the correct methane measurement. 
THE MEASUREMENT OF CO 
Sens i t iv i ty   requi rement   for   measurement   o f  CO. - The Two Gas Sensor  can  be 
be   ope ra t ed   w i th   an   i on   sou rce   s ens i t i v i ty   o f  2 x amps / to r r   fo r  CO. 
Labora to ry   va lues   ob ta ined   a r e  1 x t o   1 . 4  x amps/ tor r .  The 2 x 
amp/torr  value i s  g i v e n  a s  a n  u p p e r  s e n s i t i v i t y  l i m i t  which provides  an indicat ion 
o f  t he  de t ec t ab le  limit o f  t h e  Two Gas Sensor .  T h i s  s e n s i t i v i t y  w i t h  a n  i o n  
source  opera t ing  pressure  of 2 x 10-4 t o r r  would produce n ion  cur ren t  of  4 x 10  
amps i n  a 100% CO atomosphere.   Detector   noise   of  1 x amps wi th  a one  second 
0 t o  90% r i s e  time has   been   ob ta ined   i n   l abo ra to ry   t e s t s .  1’-: 10-15 amps can 
b e  a c h i e v e d  f o r  f l i g h t  a p p l i c a t i o n  w i t h  a longer  r ise time. 
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A f l i g h t  d e t e c t o r  s y s t e m  would r e q u i r e  a d d i t i o n a l  c a p a b i l i t i e s  and modifi-  
ca t ions   because   l abo ra to ry   u se  and f l i g h t  a p p l i c a t i o n s  a r e  q u i t e  d i f f e r e n t .  F o r  
a d e t a i l e d  d e s c r i p t i o n  of  the dectector  system see Support  Electronics Subsystem 
s e c t i o n  below. 
A s i g n a l  t o  n o i s e  r a t i o  of 3 w i l l  provide a  good s i g n a l  f o r  t h i s  a p p l i c a t i o n .  
An i o n  c u r r e n t  of  3 x 10-15 amps cor responds  to  a CO concentrat ion  of   7 .5  PPM. A 
r e d u c t i o n  o f  t h e  s i g n a l  t o  n o i s e  r a t i o  t o  2 w i l l  pe rmi t  concen t r a t ions  a s  sma l l  
a s  5 PPM t o  be de t ec t ed .  PPM and mg/m3 ( m i l l i g r a m s  p e r  c u .  m e t e r )  a r e  r e l a t e d  i n  
a 380 torr atmosphere by 
/ 
where MW is  the  molecu la r  we igh t  i n  g rams .  The re fo re ,  fo r  CO 
5 PPM = 3.15 L!!& 3 m 
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The limits on the CO c o n c e n t r a t i o n  t o  b e  m e a s u r e d  a s  s p e c i f i e d  i n  t h e  c o n -  
t r a c t  work s t a t e m e n t ,  a r e  g i v e n  a s  0 t o  30 mg/m3. Of cour se ,  the z e r o  v a l u e s  can 
not  be  measured. The lower l i m i t  u s ing  the  in s t rumen t  de t ec to r  no i se  and  ion  
s o u r c e  s e n s i t i v i t y  p r e v i o u s l y  g i v e n  becomes 5 PJ?M o r  3.15 mg/m3, while  30 mg/m 
c o n v e r t e d  t o  PPM i s  48 PPM. Therefore ,  the .Two Gas Sensor is  capab le  o f  de t ec t ing  
concentrat ions from 5 t o  k 8  PPM assuming  tha t  no  in t e r f e rence  is  encountered.  
Unfo r tuna te ly ,   i n t e r f e rences   a r e   encoun te red   f rom a  number of d i r e c t i o n s .  These 
i n t e r f e r e n c e s  a r e  d i s c u s s e d  i n  t h e  n e x t  s e c t i o n .  
3 
I n t e r f e r e n c e s . -  The t h r e e   c o n t r i b u t o r s   t o   i n t e r f e r e n c e   o f  mass  28  due t o  
the sample mixture can be broken down as  fo l lows :  
(1)   In te r fe rence   due   to   hydrocarbon  f ragmenta t ion  
(2 )   In t e r f e rence .   due   t o  N 
(3 )   In t e r f e rence   due   t o  C02 
An a t m o s p h e r e  s u f f i c i e n t l y  d e t a i l e d  t o  a l l o w  a n  e s t i m a t i o n  o f  t h e  s p e c t r a l  
2 
p a t t e r n  formed due to  hydrocarbon and  contaminants  was n o t  f u r n i s h e d  w i t h  t h e  
con t r ac t .   Th i s   da t a  i s  impor t an t   because   i n t e r f e rences ,   t he i r   magn i tudes ,   and  
t h e i r  l o c a t i o n s ,  p l a y  a m a j o r  p a r t  i n  d e t e r m i n i n g  p o s s i b l e  i n s t r u m e n t  m o d i f i c a -  
t i o n s  and o v e r a l l  j o b  f e a s i b i l i t y .  S i n c e  no atmosphere was furn ished ,   a tmospheres  
r e p r e s e n t i n g  p o s s i b l e  s i t u a t i o n s  were constructed.   Atmosphere number  one  was 
formed by t ak ing  50 contaminants  which spectra  data  was ava i l ab le  f rom the  l abora -  
t o ry   con taminan t   s enso r   con t r ac t ,  NAS-1-8258. These  compounds  have a high  prob-  
a b i l i t y  o f  be ing  p resen t  i n  a hel ium-oxygen  a tmosphere.   Spectra   data   for   these 
compounds was r e d u c e d  t o  g i v e  d a t a  i n  PPM f o r  t h e  f o l l o w i n g  c a s e s :  
(1) A s  i f   e ach   con taminan t ,occup ied   t he   a tmosphe re   by   i t s e l f   ( t h i s  was  done 
fo r  . concen t r a t ions  o f  50 mg/m3 and 500 mg/m3). 
(2) A s  t o  form a composi te  a tmosphere in  which each compound appeared i n  
e q u a l  c o n c e n t r a t i o n  a s  t o  w e i g h t .  
Appendix A e x p l a i n s  t h e  d e t a i l s  of t h i s  a n a l y s i s .  R e s u l t s  of  50  compounds 
t aken   i nd iv idua l ly  i s  a l so   found  in   the   Appendix .   Resul t s   o f   the   composi te  
a tmosphere fol lows:  
m / e  15  m / e  27 m / e  28 m / e  29 m / e  47-120 
50 mg/m 6.78  8.20  4.62  13.33  39.40 
500 mg/m 67.8 82 .O 46.2  133.5  39 .0 
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Atmosphere Number 2 was formed from. the 10 compounds wi th  the  h ighes t  
m / e  27 + m / e  28 + m / e  29  con t r ibu t ion .  This da t r  p rov ided  the  worse  case  in t e r -  
f e r e n c e   s i t u a t i o n .  Which y i e lded :  
m/e. 15  m / e  27 m / e  28 m / e  29 m / e  47-120 
50 mg/m3 6.14 23.29  15.79  48.43  22.34 
500 mg/m3 61.4  232.9  157.9  484.3 223.4 
Also, the 10 compounds with t h e  s m a l l e s t  27 + 28 + 29 were examined.  These 10 
compounds  had  no m / e  27 ,  28 ,  o r  29  cont r ibu t ion  and  formed too  favorable  a s i t u -  
a t i o n  t o  be s e r i o u s l y  c o n s i d e r e d .  
I n t e r f e r e n c e  of m / e  15 i s  q u i t e  s m a l l  when compared to  the  expec ted  methane  
concen t r a t ion  of about  2000 PPM. No in t e r f e rence  p rob lem a t  mass  15  is  expected.  
Mass 28 in t e r f e rence  p rov ides  the  l a rges t  p rob lem.  Mass 27  and  29  had t o  be 
cons idered  because  the  reso lu t ion  of  the  present  Two Gas Sensor is on ly  18; t h e r e -  
f o r e ,  t h e  i n s t r u m e n t  i s  n o t  a b l e  t o  s e p a r a t e  27 or  29  from  mass  28. An ion  cu r -  
r e n t  r e a d i n g  t a k e n  a t  m / e  28 c o l l e c t o r  would  be t h e  sum of the 27, 28, and 29 ions.  
For  the 50 c o n t a m i n a n t s  a t  t h e  low concent ra t ion  of  50  mg/m , some i n t e r -  3 
f e r e n c e  a t  m / e  28 is observed. The  summation  of m / e  27, m / e  28,  and m / e  29 
f o r  t h e  50 contaminants   yields   26.17 PPM. Th i s  i s  a s i g n i f i c a n t  amount when 
compared t o  t h e  maxi um amount  of CO expected,  48 PPM. For   concent ra t ions  
g r e a t e r  t h a n  5 0  mg/m’ and for  a tmospheres  composed of  a l e s s  f a v o r a b l e  m i x t u r e  
of  contaminants ,  such  as  the  10 con.taminants  with  the  highest   27,   28,   and 29 
c o n t r i b u t i o n ,   t h e   s i t u a t i o n   r a p i d l y   d e t e r i o r a t e s .   S o l u t i o n s   t o   t h i s   p r o b l e m   s u c h  
a s  i n c r e a s i n g  t h e  r e s o l u t i o n  and scrubbing w i l l  be  d iscussed  in  a l a t e r  s e c t i o n .  
An e v a l u a t i o n  o f  a probable  method,  l l t i l i z ing  low-energy  e lec t rons  as  a 
means to   decrease   f ragmenta t ion ,   has   been   comple ted .   Unfor tuna te ly ,   the   resu l t s  
were unfavorable .  The decrease  in   f ragmen. ta t ion  of   masses   27,   28,   and  29 was 
q u i t e  s m a l l  when compared t o  t h e  l a r g e  d e c r e a s e  i n  CO s e n s i t i v i t y  when low energy 
e l e c t r o n s  were contemplated.  4 d e t a i l e d  s t u d y  a p p e a r s  i n  Appendix C. 
I n t e r f e rences  due  to  l a rge  concen t r a t ions  of N2 and C02 can completely 
d e s t r o y  a CO measurement.  Both Cog and N2 have a 28  cont r ibu t ion .  For  a method 
of measuring CO t o  be s u c c e s s f u l  limits must be put on the C02 and N2 concent ra -  
t i o n s ,  I f  t h e  a t m o s p h e r e  t o  be monitored i s  a helium-oxygen  atmosphere, C02 and 
N2 levels a r e  e x p e c t e d  t o  b e  low. 
S u b t r a c t i n g  o u t  b o t h  t h e  c o n t r i b u t i o n s  of n i t rogen  and  ca rbon  d iox ide  in  an  
oxygen-helium atmosphere a t  m / e  28 is p o s s i b l e  s i n c e  t h e i r  c o n c e n t r a t i o n s  c a n  
be  determined a t  o the r  mass - to -cha rge  r a t io s .  In  an  n i t rogen-oxygen  a tmosphe re ,  
a s u b t r a c t i o n  method  can  not  be  used.  Carbon  dioxide  has i t s  p a r e n t  p e a k  a t  
m/e 44 and only approximately an 11% c o n t r i b u t i o n  a t  m/e 28. Nitrogen on the 
o t h e r  hand is a parent  peak a t  m / e  28 but has a fragment peak of approximately 
,? .. ’., 2 
23 
15% a t  m / e  14. By making  measurements a t  m / e  44  and m / e  14 ,  and  appropr i a t e ly  
r a t i o i n g  t h e  o u t p u t s  s u b t r a c t i n g  o u t  t h e  c o n t r i b u t i o n s  of carbon d ioxide  and  
n i t r o g e n  a t  m/e 28 is  poss ib l e .  Th i s  can  be  accompl i shed  au tomat i ca l ly  by the 
use   o f   ope ra t iona l   ampl i f i e r s   and   t he   appropr i a t e   l og ic   connec t ions .   Th i s  i's 
shown s c h e m a t i c a l l y  i n  F i g u r e  6. 
The l i m i t a t i o n s  i n  a p p l y i n g  t h i s  a p p r o a c h  becomes the  accu racy  with which 
the   requi red   ou tputs   can   be   measured   and   ra t ioed .  By c o n t r o l l i n g  t h e  t e m p e r a -  
t u r e  of t h e  i o n  s o u r c e  m a i n t a i n i n g  t h e  s t a b i l i t y  of t he  pa ren t  t o  f r agmen t  peak  
r a t i o s  w i t h i n  0.1% i s  p o s s i b l e  e v e n  t h o u g h  t h e  a b s o l u t e  e r r o r s  o f  t h e  i n s t r u -  
ment  might  be on t h e  o r d e r  of  10 times l a r g e r  t h a n  t h i s .  Most o f .  t h e  v a r i a t i o n s  
wh ich  cause  changes  in  the  mass  spec t romete r  ou tpu t s  a f f ec t  a l l  o f  t he  mass  peaks  
e q u a l l y .  
Assume tha t  t he  a tmosphe re  has  1% con t r ibu t ions  f rom n i t rogen  and  ca rbon  
d i o x i d e  a n d  a n  1 8  p a r t  p e r  m i l l i o n  c a r b o n  monoxide l e v e l .  F o r  s i m p l i c i t y ,  
assume t h a t  t h e  mass  spec t rometer  has  an  equal  sens i t iv i ty  for  a l l  th ree  con-  
s t i t u e n t s .  T h i s  i s  approximately t rue .  Fur ther ,   assume  tha t   he   f ragment -  
t a t i o n  p a t t e r n  h a s  b e e n  a d j u s t e d  so  t h a t  c a r b o n  d i o x i d e  i s  a 10% fragment a t  
m/e 28. By us ing   the   ra t io   t echnique   descr ibed   above ,   measurements  made a t  
m / e  14  and m/e 44 w i l l  t hen  be used  to  sub t r ac t  ou t  t he  . n i t rogen  and  ca rbon  
d iox ide   con t r ibu t ions .   Th i s   can   on ly   be   done   w i th  a 0 .1%  accuracy;   therefore ,  
t h e r e  w i l l  be e r r o r s  i n  t h e  c a r b o n  monoxide o u t p u t  e q u i v a l e n t  t o  1 0  PPM f o r  
n i t rogen  and  1 PPM fo r  ca rbon  d iox ide  fo r  a t o t a l  p o s s i b l e  e r r o r  o f  11 PPM.- This  
compares t o  t h e  e x p e c t e d  s i g n a l  l e v e l  c o r r e s p o n d i n g  t o  1 8  PPM for carbon monoxide.  
It r e p r e s e n t s  a l i t t l e  over 50 p e r c e n t  e r r o r  i n  t h e  r e a d i n g .  The s i t u a t i o n  w i l l  
improve a s  a lower   concent ra t ion   o f   n i t rogen  i s  a s s u m e d .   C a r e f u l   a t t e n t i o n   t o  
t h e  c o n t r o l  o f  t h e  s t a b i l i t y  of t h e  i o n  s o u r c e  a n d  o t h e r  c i r c u i t s  w i l l  l e a d  t o  
improved r e s u l t s .  The method i s  valuable   for   a tmospheres   of  1% o r  less  C 0 2  
and N2. 
Due ' t o   t h e   l a r g e   c o n c e n t r a t i o n   o f   n i t r o g e n ,   a b o u t  500,000 PPM, t h i s  
s u b t r a c t i o n  method can   no t   be   app l i ed .   The re fo re ,   i f   t he  Two Gas Sensor  i s  
to  be  used  in  n i t rogen-oxygen a tmospheres ,  an  ind i rec t  method s u s t  be  used. 
P o s s i b l e  s o l u t i o n s  t o  t h i s  p r o b l e m  a r e  examined i n  t h e  Direct S o l u t i o n s  t o  
CO Measurement Problem discussion below. 
A second  f ac to r  i s  t h e  p o s s i b i l i t y  of a n  a d d i t i o n a l  e r r o r  w h i c h  w i l l  be 
introduced by t h e   n o i s e   l e v e l  of t h e   e l e c t r o m e t e r   a m p l i f i e r   o u t p u t s .  A 1% n i t r o -  
gen  leve l  w i l l  induce a 0.3% e r r o r  i n  t h e  m / e  14  output .   Therefore  , t h e  elec- 
t rome te r   ampl i f i e r   no i se  levels  must   be  reduced.   This   error   can be reduced  by 
a n  a d d i t i o n a l  f i l t e r i n g  a t  t h e  e l e c t r o m e t e r  o u t p u t  w i t h  some s a c r i f i c i n g  i n  time 
response.  A n  a c c e p t a b l e  l e v e l  wiil be obtained;  however,   while s t i l l  achiev ing  
a 0 t o  90% response time of less than  30 s e c o n d s .  A m p l i f i e r  d r i f t  w i l l  be  con- 
t r o l l e d  by the  use  of a r e z e r o  c i r c u i t  w h i c h  i s  s t a n d a r d  p r a c t i c e  f o r  l o w - l e v e l  
e lec t rometer  ampl i f ie rs  and  has  been  successfu l ly  employed  on  f lyable  e lec t rom-  
e te r  a m p l i f i e r s   w i t h   d e t e c t a b l e  limits i n   t h e  amp range.  
React ions . i n  the  ion  source . -  The p o s s i b i l i t y  of r e a c t i o n s  o n  t h e  i o n  s o u r c e  
w a l l s  may be c o n s i d e r e d  b r i e f l y .  The composi t ion   o f   the   gas   in   the   ion   source  is 
roughly comparable  to  that  of  the sample and i s  g i v e n  i n  T a b l e  3 .  
n 
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FIGURE 6 
Schematic Diagram for ObWning Carbon Monoxide From 
m/e 14, mie 28 and ml'e 44 Outputs 
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TABLE 3 . -  ION SOURCE GAS 
H . . . . . . . . . .  Bulk 
co* . . . . . . . .  .5% 
CH4 * - * * * - 500-2000 PPM 
Organics . - e 5 0 0  PPM 
The ion   sou rce   p re s su re  i s  low, 2 x t o r r ,  and   s ince   t he   f l ow  pa t t e rn  
i s  m o l e c u l a r ,  w a l l  c o l l i s i o n s  a r e  much more f r equen t  t han  in t e rmolecu la r  co l -  
l i s i o n s .  Under these   cond i t ions ,   t he   mos t   p robab le   r eac t ions   a r e   t hose   wh ich  
t ake  p l ace  on t h e  w a l l s  of the ion source and which involve one of  the major  
c o n s t i t u e n t s  o f  t he  mix tu res ,  i n  t h i s  ca se  oxygen  o r  poss ib ly  wa te r .  Reac t ions  
involv ing  two m i n o r  c o n s t i t u e n t s  a r e  r e l a t i v e l y  i m p r o b a b l e .  
S u r f a c e  a d s o r b e d  f i l m s  a r e  e x p e c t e d  t o  c o n s i s t  m a i n l y  of oxygen and water 
and  the amount of adsorbed   mater ia l  i s  expec ted   t o  be low. The p r i n c i p a l   r e a c -  
t ions which can be expected are those which can occur between oxygen or water and 
t h e  c o n s t i t u e n t s  of the  mixtures .  Oxida t ion  of carbon  monoxide  or  organics  ap- 
p e a r  t o  be the  most   probable   react ions.   Ei ther   water   or   carbon  monoxide  can 
serve   as   the   ox id iz ing   agent   for   carbon  monoxide .   Susceptab i l i ty   o f   o rganics   to  
ox ida t ion  depends  on  the  na ture  of t h e  compounds; aldehydes, for example, may be 
p a r t i c u l a r l y  p r o n e  t o  o x i d a t i o n .  
The ion source temperature  (400'K) i s  r e l a t i v e l y  h i g h  from the  po in t  o f  
view of abso rp t ion .  Most a b s o r p t i o n  s t u d i e s  of m e t a l  f i l m s  a r e  c a r r i e d  o u t  a t  
l ower  t empera tu res  in  o rde r  t o  ob ta in  measu rab le  amount of gas sorbed. 
Ex t r apo la t ion  of d a t a  o b t a i n e d  u n d e r  t h e s e  c o n d i t i o n s  t o  t h o s e  e x i s t i n g  i n  t h e  
ion  source  is  ques t ionable .  On t h e  o t h e r  h a n d ,  r e a c t i o n  r a t e s  of oxygen w i t h  
carbon monoxide o r  methane a r e  r e l a t i v e l y  s l o w  a t  t h e  i o n  s o u r c e  t e m p e r a t u r e .  
Rate measurements  a re  typ ica l ly  made a t  t e m p e r a t u r e s  s t a r t i n g  f r o m  a b o u t  
400°C. R e a c t i o n  r a t e s  of c a t a l y z e d  r e a c t i o n s  a r e  a l s o  d i f f i c u l t  t o  e s t i m a t e .  
&Id  i s  not  a p a r t i c u l a r l y  good c a t a l y s t  , and is  t h e r e f o r e  n o t  e x p e c t e d  t h a t  
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c a t a l y t i c  e f f e c t s  are impor tan t  i n  p o t e n t i a l  i o n  s o u r c e  r e a c t i o n s .  S i n c e  g o l d  
is iner t ,  chemisorbed  f i lms  (oxide  f i lm,  for  example)  are not  expec ted  to  be  
formed in  baking  out  the  sys tem or  tha t  chemisorbed  f i lms  would p lay  an  
i m p o r t a n t  p a r t  i n  i o n  s o u r c e  r e a c t i o n s .  
Reac t ions  wi th  the  tungs t en  f i l amen t  are not  cons idered  as ion  source  r eac -  
t i o n s .  However, t h e s e  r e a c t i o n s  are i m p o r t a n t   a n d   c a n   a f f e c t   t h e   a n a l y t i c a l  
r e s u l t s .  Water vapor reacts w i t h  t u n g s t e n  t o  f o r m  t u n g s t e n  o x i d e s  which  lower 
t h e  e m i s s i v i t y  o f  t h e  f i l a m e n t .  R e a c t i o n s  o f  t u n g s t e n  w i t h  o r g a n i c s  r e s u l t s  
i n  t h e  f o r m a t i o n  o f  t u n g s t e n  c a r b i d e s ,  w h i c h  c a n  i n  t u r n  r e a c t  w i t h  o x y g e n  t o  
produce  carbon  monoxide  and  carbon  dioxide.  If these  p roduc t s  r e -en te r  t he  ion  
source ,  t hey  w i l l  c o n t r i b u t e  t o  t h e  o b s e r v e d  s i g n a l  at  mass 28  and 4 4 .  This  
sou rce  o f  s ample  d i s to r t ion  i s  dependen t  on  the  o rgan ic  concen t r a t ions  in  the  
gas  stream and i s  no t  e l imina ted  by background measurements in the absence of 
o rgan ic s .  Any i on   sou rce   des ign   mus t ,   t he re fo re ,   cons ide r   t he   f i l amen t   pos i t i ons  
c a r e f u l l y  i n  o r d e r  t o  m i n i m i z e  r e - e n t r y  o f  f i l a m e n t  r e a c t i o n  p r o d u c t s  i n t o  t h e  
i o n i z a t i o n  r e g i o n .  
Resolut ion requirement .  - As p r e v i o u s l y  s t a t e d ,  t h e  Two Gas Sensor  has  a 
r e s o l u t i o n   o f  18 and i s  n o t  a b l e  t o  s e p a r a t e  27 and 29 from  28.  Increasing 
the  r e so lu t ion  f rom 18  to  28 would d e c r e a s e  t h e  i n t e r f e r e n c e  a t  mass 28,  but  
t h e  d e c r e a s e  i n  i n t e r f e r e n c e  would  not  solve a l l  t he  in t e r f e rence  p rob lems  a t  
mass 28 due to   hydrocarbons.  A d e c r e a s e  i n  i n t e r f e r e n c e  a t  28  by about a 
f a c t o r  o f  5 would  be o b t a i n e d .  F o r  h i g h  c o n c e n t r a t i o n s  o f  o r g a i c s  and low 
CO l e v e l s ,  t h e  i n t e r f e r e n c e  i s  s t i l l  troublesome. A more e f f e c t i v e  way of 
d e c r e a s i n g  i n t e r f e r e n c e  o r  i n c r e a s i n g  t h e  CO s i g n a l ,  t h e n  i n c r e a s i n g  t h e  
r e s o l u t i o n  t o  28 i s  r equ i r ed .  
DIRECT SOLUTIONS TO CO MEASUREMENT PROBLEMS 
The p r e c e d i n g  s e c t i o n  d e m o n s t r a t e s  t h a t  a number  of  complex  problems 
e x i s t s  when an  a t t empt  i s  made to  measure CO a t  mass 28  on  the Two Gas Sensor .  
M o d i f i c a t i o n s  a n d / o r  a d d i t i o n s  are needed t o  s o l v e  t h e s e  s p e c i f i c  p r o b l e m s :  
(1) In t e r f e rence   due   t o  hydroca rbons  
( 2 )   I n t e r f e r e n c e   d u e   t o  N2 
(3)  I n t e r f e r e n c e   d u e   t o  C02 
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( 4 )  I n t e r f e r e n c e  due t o  background CO 
(5) D i f f i c u l t y   i n   d e t e c t i n g  CO concent ra t ions   be low 10 PPM 
S o l u t i o n s  t h a t  would d e c r e a s e  t h e  i n t e r f e r e n c e  t o  a ve ry  sma l l  pe rcen tage  
of  the CO c o n c e n t r a t i o n  o r  i n c r e a s e  t h e  CO s i g n a l  t o  a l e v e l  f a r  a b o v e  t h e  
i n t e r f e r e n c e  would  be of   va lue .  Such s o l u t i o n s  are d i s c u s s e d  i n  t h e  f o l l o w i n g  
sec t   i ons .  
I n c r e a s i n g  t h e  r e s o l u t i o n .  - A d e c r e a s e  i n  i n t e r f e r e n c e  a t  m / e  28 i s  accom- 
p l i shed  by i n c r e a s i n g   t h e   r e s o l u t i o n .   I f   t h e   r e s o l u t i o n   o f   t h e   i n s t r u m e n t  i s  
increased from 18 t o  2 8 ,  t he  in t e r f e rence  due  to  hydroca rbons  a s  p rev ious ly  
mentioned,  drops  by  about a f a c t o r   o f   f i v e .  But f o r   h i g h   c o n c e n t r a t i o n s   o f  
organics  and low CO l e v e l s ,  e v e n  i n  a hel ium-oxygen atmosphere,  the interference 
s t i l l  can  des t roy  the  CO measurement. I n  a ni t rogen-oxygen  a tmosphere  increasing 
t h e  r e s o l u t i o n  t o  28 does  not  produce a n o t i c e a b l e  e f f e c t  a t  m / e  28 ,  s ince  the  N 2  
c o n t r i b u t i o n  a t  m / e  28 i s  about 1000 t imes  g rea t e r  t han  any  o the r  con t r ibu t ion .  
I n c r e a s i n g  t h e  r e s o l u t i o n  t o  3000 would o f f e r  a so lu t ion ,  bu t  the  problem 
o f  o b t a i n i n g  t h i s  r e s o l u t i o n  i n  a f l i g h t  mass spec t rometer  i s  t o o  g r e a t  t o  be 
overcome a t  t h i s  time w i t h o u t  s a c r i f i c i n g  s e n s i t i v i t y  a n d  a d d i n g  t r e m e n d o u s l y  
t o  t h e  s i z e  and   we igh t .   I nc reas ing   t he   r e so lu t ion   t o  3000 e s s e n t i a l l y  e l i m i n a t e s  
a l l  i n t e r f e r e n c e  a t  m/e 28 because  only  ions  wi th  mass d i f f e r e n c e s  of less than  
one p a r t  i n  3000 would  be c o l l e c t e d  a t  m / e  28 .  In   an  oxygen-hel ium  atmosphere 
t h i s  may be s u f f i c i e n t  t o  s e p a r a t e  CO f rom the N2 p resent ,  assuming the  amount 
of N2  i s  qu i t e  sma l l .  Even i f  t h e  mass d i f fe rence   be tween CC and N2 os g r e a t e r  
t h a n  one p a r t  i n  3000,  i f  t h e  N 2  peak i s  much larger than  the  CO peak the N2 
t a i l  may p o s s i b l y  wash out   the  CO peak.   Therefore ,  i t  is  n o t e d   t h a t   i n c r e a s i n g  
t h e  r e s o l u t i o n  w i t h i n  t h e  l imits t h a t  c a n  be t o l e r a t e d  by s i z e  and s e n s i t i v i t y  
requi rements  is not the answer.  
Low energy mass spec t romet ry .  - Low Energy Mass S p e c t r o m e t r y  r e f e r s  t o  m s s  
s p e c t r o m e t r y   i n  which  low-energy e l e c t r o n s   a r e   u s e d   t o   c a u s e   f r a g m e n t a t i o n .   I n  
most ca ses ,  t he  ene rgy  o f  t he  bombarding e l e c t r o n s  i s  c h o s e n  t o  be l e s s  t h a n  4 
v o l t s  above   t he   i on iza t ion   po ten t i a l   o f  t h e  s u b s t a n c e   t o  be s t u d i e d .  Low Energy 
Mass Spectrometry i s  used  p r imar i ly  to  dec rease  the  f rggmen ta t ion  pa t t e rns  o f  
complex  compounds o r   mix tu res  of  compounds. T h e r e f o r e ,   t h e   p r o b a b i l i t y   e x i s t s  
t h a t  a p o s s i b l e  s o l u t i o n  t o  t h e  p r o b l e m  o f  i n t e r f e r e n c e  d u e  t o  o r g a n i c s  a t  
m / e  28 may be found by u t i l i z i n g  a  low e n e r g y  e l e c t r o n  method.  The e v a l u a t i o n  
of t h e  p o s i t i v e  c h a r a c t e r i s t i c s  o f  a low e n e r g y  e l e c t r o n  method was necessa ry ,  
a p o s s i b l e  d e c r e a s e  i n  f r a g m e n t a t i o n  a g a i n s t  t h e  n e g a t i v e  a s p e c t  of a cons ide rab le  
d e c r e a s e  i n  s e n s i t i v i t y .  A d e t a i l e d  r e p o r t  o f  t h i s  i n v e s t i g a t i o n  i s  found i n  
Appendix C. A summary o f   t he   po in t s  of i n t e r e s t  d e t e r m i n e d  i n  t h i s  s t u d y  
fo l lows .  
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M o d i f i c a t i o n s  a n d / o r  a d d i t i o n s  are needed t o  s o l v e  t h e s e  s p e c i f i c  p r o b l e m s :  
(1)   In te r fe rence   due   to   hydrocarbons  
(2) I n t e r f e r e n c e   d u e   t o  N2 
(3 )  I n t e r f e r e n c e   d u e   t o  C02 
( 4 )  In t e r f e rence   due   t o   background  CO 
(5) D i f f i c u l t y  i n  d e t e c t i n g  CO c o n c e n t r a t i o n s  below 10 PPM 
S o l u t i o n s  t h a t  would d e c r e a s e  t h e  i n t e r f e r e n c e  t o  a very  smal l  percentage  of  
t he  CO c o n c e n t r a t i o n  o r  i n c r e a s e  t h e  CO s i g n a l  t o  a l e v e l  f a r  a b o v e  t h e  i n t e r -  
f e rence  would be  of va lue .  Such s o l u t i o n s  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  
Inc reas ing   t he   r e so lu t ion . -  A d e c r e a s e  i n  i n t e r f e r e n c e  a t  m/e28 is  accom- 
p l i s h e d  by i n c r e a s i n g  t h e  r e s o l u t i o n .  I f  t h e  r e s o l u t i o n  of the   ins t rument  i s  i n -  
c r eased  from 18 t o  28 ,  t he  in t e r f e rence  due  to  hydroca rbons  a s  p rev ious ly  men- 
t ioned ,   d rops  b y  about a f a c t o r   o f   f i v e .  But f o r   h i g h   c o n c e n t r a t i o n s  of o rgan ic s  
and low CO l e v e l s ,  e v e n  i n  a hel ium-oxygen atmosphere,  the interference s t i l l  can  
d e s t r o y  t h e  CO measurement. In   an   n i t rogen-oxygen  a tmosphere   increas ing   the  
r e so lu t ion  to  28  does  no t  p roduce  a n o t i c e a b l e  e f f e c t  a t  m/e 2 8 ,  s i n c e  t h e  N2 
c o n t r i b u t i o n  a t  m / e  28 i s  about 1000 t imes  g rea t e r  t han  any  o the r  con t r ibu t ion .  
I n c r e a s i n g  t h e  r e s o l u t i o n  t o  3000 would o f f e r  a so lu t ion ,  bu t  t he  p rob lem 
of o b t a i n i n g  t h i s  r e s o l u t i o n  i n  a f l i g h t  mass spec t rometer  i s  t o o  g r e a t  t o  be 
overcome a t  t h i s  t i m e  w i t h o u t  s a c r i f i c i n g  s e n s i t i v i t y  a n d  a d d i n g  t r e m e n d o u s l y  t o  
t h e   s i z e   a n d   w e i g h t .   I n c r e a s i n g   t h e   r e s o l u t i o n   t o  3000 e s s e n t i a l l y  e l i m i n a t e s  
a l l  i n t e r f e r e n c e  a t  m / e  28 because  only  ions  wi th  mass d i f f e r e n c e s  o f  less than  
o n e  p a r t  i n  3000 would be col lected a t  m / e  28. In  an  oxygen-helium  atmosphere 
t h i s  may be s u f f i c i e n t  t o  s e p a r a t e  CO from t h e  N 2  p resent ,  assuming the  amount 
of N 2  i s  q u i t e  sma l l .  Even i f  t h e  mass d i f f e rence   be tween  CO and N 2  is g r e a t e r  
t h a n  o n e  p a r t  i n  3000,  i f  t h e  N2 peak i s  much l a r g e r  t h a n  t h e  CO peak  the N2  t a i l  
may p o s s i b l y  wash o u t  t h e  CO peak.   Therefore ,  i t  i s  n o t e d  t h a t  i n c r e a s i n g  t h e  
r e s o l u t i o n  w i t h i n  t h e  limits t h a t  c a n  be t o l e r a t e d  by s i z e  a n d  s e n s i t i v i t y  r e -  
quirements i s  not   the  answer.  
LOW energy mass spectrometry.-  Low' Energy Mass Spectrometry refers t o  mass 
s p e c t r o m e t r y  i n  w h i c h  l o w - e n e r g y  e l e c t r o n s  a r e  u s e d  t o  c a u s e  f r a g m e n t a t i o n .  I n  
mos t  ca ses ,  t he  ene rgy  of the  bombarding  e lec t rons  i s  chosen  to  be less than  4 
v o l t s   a b o v e   t h e   i o n i z a t i o n   p o t e n t i a l  of t he   subs t ance   t o   be   s tud ied .  Low Energy 
Mass Spectrometry i s  u s e d  p r i m a r i l y  t o  d e c r e a s e  t h e  f r a g m e n t a t i o n  p a t t e r n s  of com- 
p l e x  compounds o r   mix tu res   o f  compounds. T h e r e f o r e ,   t h e   p r o b a b i l i t y  exis ts  t h a t  a 
p o s s i b l e  s o l u t i o n  t o  t h e  p r o b l e m  o f  i n t e r f e r e n c e  d u e  t o  o r g a n i c s  a t  m / e  28 ma be 
found by u t i l i z i n g  a low e n e r g y  e l e c t r o n  method. T h e r e f o r e ,  t h e  e v a l u a t i o n  o r  the 
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(1) Fragmenta t ion  does  not  a lways  decrease  when low e l e c t r o n  e n e r g i e s  a r e  
u s e d .   I n   f a c t ,   i n  some cases ,   f r agmen ta t ion   dec reases .  
(2) Most o rgan ic s   have   i on iza t ion   poLrn t i a l s   be tween  8 and 12 e.v. 
Operat ing 4 v o l t s  'above 12 e .v .  gives  an electron energy of  16 v o l t s .  
(3) The I.P.  of CO i s  14 .1   vo l t s .  The CO c u r r e n t  a t  16 e.v. is  about  3% 
of t h e  CO i o n  c u r r e n t  a t  70 e.v.  
The d e c i s i v e  f a c t o r  i n  d e t e r m i n i n g  t h e  v a l u e  o f  t h e  low e n e r g y  e l e c t r o n  
method i s  t h a t  a t  t h e  h i g h e s t  e l e c t r o n  e n e r g y  a c c e p t a b l e  t o  g i v e  a d e c r e a s e  i n  
f r a g m e n t a t i o n  i n  t h e  f a v o r a b l e  c a s e s  ( n o  d e c r e a s e s  i s  r e a l i z e ?  i n  the unfavor-  
a b l e  c a s e s )  t h e  CO i o n  c u r r e n t  i s  3% of i t s  v a l u e  a t  70 e.v.  The maximum v a l u e  
of CO exDected i s  48 PPM, 3% of  48 PPM i s  1.6 PPM. T h i s  s i g n a l  f a l l s  we l l  wi th-  
i n  t h e  n o i s e  o f  t h e  Two Gas Sensor  and i s  n o t  d e t e c t a b l e .  T h e r e f o r e ,  n o t e  t h a t  
a smal l  decrease  in  f ragmenta t ion  a round m / e  28 i s  o f f s e t  by a l a r g e  d e c r e a s e  i n  
s e n s i t i v i t y .  Low voltage  mass   spectrometry i s  n o t  t h e  s o l u t i o n  t o  t h e  i n t e r -  
ference problem. 
Hydrocarbon scrubber . -  Di rec t  de te rmina t ion  of  carbon monoxide  in  the  a t -  
mosphere requires  the removal  of  organics  f rom the gas  sample s ince many of  these  
compounds can   f ragment   to   y ie ld   ions   in   the   mass   range   27-29 .   This   can   be  accom- 
p l i s h e d  by pass ing  the  gas  through a s o r b e n t  s u c h  a s  c h a r c o a l  o r  m o l e c u l a r  s i e v e  
5 A .  The cho ice   o f   so rben t   depends   on   t he   r e l a t ive   so rp t ive   capac i ty   fo r   ca rbon  
monoxide  and  the  organics  which may be  p re sen t  i n  the  a tmosphe re .  I f  t he  max i -  
mum a n t i c i p a t e d  c o n c e n t r a t i o n  of o rganics  i s  1000 mg/m3 and the r e q u i r e d  d e t e c t -  
a b l e  limit f o r  c a r b o n  monoxide i s  about  10 mg/m3, the sorbent  must  be capable  of  
r educ ing  the  o rgan ic  concen t r a t ion  in  the  gas  sample  by  a f a c t o r  o f  a t  l e a s t  
100  without   adsorbing  s ignif icant   amounts   of   the   carbon  monoxide.   Charcoal  i s  
p robab ly  the  bes t  adso rben t  fo r  t h i s  pu rpose  a l though  i t  may prove  wor thwhi le  to  
i n v e s t i g a t e  o t h e r  a d s o r b e n t s  a s  wel l .  Charcoa l   has  a h i g h  s o r p t i o n  c a p a c i t y  f o r  
most organics and a r e l a t i v e l y  low c a p a c i t y  f o r  c a r b o n  monoxide  and n i t rogen  and  
oxygen a t  room temperature .  
Two c o n s i d e r a t i o n s  a r e  i n v o l v e d  i n  s e l e c t i o n  of t h e  amount  of c h a r c o a l  t o  be 
used. The use  of a s  much c h a r c o a l  a s  p o s s i b l e  i s  a d v a n t a g e o u s  i n  o r d e r  t o  be s u r e  
of   removing  organics   to  a v e r y  low c o n c e n t r a t i o n  l e v e l .  However, t h e  more c h a r -  
coa l  u sed ,  t he  longe r  w i l l  be the  response  time of t h e  s y s t e m  t o  c h a n g e s  i n  t h e  
carbon  monoxide  concentrat ion.  A c e r t a i n  volume  of  sample  must  be  passed  through 
t h e  c h a r c o a l  i n  o r d e r  f o r  the sorbed carbon monoxide monoxide t o  be i n  e q u i l i b -  
b r i u m  w i t h  t h e  p a r t i a l  p r e s s u r e  of  carbon  monoxide i n  t h e  g a s  p h a s e .  I n  t h e  c a s e  
where  the  adsorbent  does  not  adsorb  carbon  monoxide,   this  volume i s  s imply  the  
f r e e  g a s  volume  of the  packed  charcoal .  The  number  of a n a l y s e s  t h a t  c a n  be p e r -  
formed before  organics  w i l l  b e g i n  t o  i n t e r f e r e  w i l l  depend on  the  ra t io  of t h e  
b r e a k t h r o u g h  v o l u m e  f o r  o r g a n i c s  t o  t h i s  e q u i l i b r a t i o n  volume for carbon monoxide.  
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The breakthrough volume f o r  o r g a n i c s  i n  t h i s  c a s e  i s  t a k e n  a s  t h a t  volume of gas 
c o n t a i n i n g  o r g a n i c s  a t  1 0 0 0  mg/m3 which  pass  through charcoa l  before  the  organic  
c o n c e n t r a t i o n  i n  t h e  e x i t  g a s  r e a c h e s  a concen t r a t ion  o f  10  mg/m3. T h i s  r a t i o  
d e p e n d s  o n l y  o n  t h e  r e l a t i v e  a d s o r p t i o n  c o n s t r a i n t s  f o r  t h e  o r g a n i c s  a n d  c a r b o n  
monoxide f o r  t h e  p a r t i c u l a r  c h a r c o a l  u s e d  a n d  i s  independent of the amount  of 
charcoa l  used .  
Accordingly,  the maximum amount of sorbent should be used which w i l l  permit 
a n a l y s e s  t o  be performed for carbon monoxide a t  t h e  d e s i r e d  f r e q u e n c y  f o r  t h e  
a v a i l a b l e  g a s  f l o w  r a t e  o r  pumping speed.  For  example,  i f  t h e  d e s i r e d  time t o  
sample for CO i s  once a minu te  and  the  ava i l ab le  pumping  speed is 50 c c h i n u t e ,  
t h e  amount  of a adsorbent  can  not  exceed  tha t  which  w i l l  e q u i l i b r a t e  w i t h  50 cc of 
sample. The sorbent  should  be  packed i n  a r e l a t i v e l y   l o n g ,   n a r r o w   c h a n n e l   r a t h e r  
than  a s h o r t ,  f l a t  bed i n  o r d e r  t o  e l i m i n a t e  t h e  p o s s i b i l i t y  o f  p r e m a t u r e  b r e a k -  
through of o r g a n i c s  d u e  t o  p a c k i n g  i r r e g u l a r i t i e s .  
Most o rgan ic  compounds a r e   s t r o n g l y   a d s o r b e d   o n   c h a r c o a l .   I n   g e n e r a l ,   t h e  
adso rp t ion  capac i ty  of c h a r c o a l  i n c r e a s e s  w i t h  t h e  b o i l i n g  p o i n t  of t he  o rgan ic .  
Low b o i l i n g ,  low molecular  weight compounds s u c h  a s  m e t h a n e ,  e t h a n e ,  e t c . ,  a r e  
not  s t rongly  adsorbed  and  may c a u s e  i n t e r f e r e n c e  w i t h  t h e  c a r b o n  monoxide determi- 
na t ion .  Low molecular   weight   po lar  compounds a r e  u s u a l l y  a d s o r b e d  f a i r l y  s t r o n g l y  
p a r t i c u l a r l y  i n  t h e  p r e s e n c e  o f  o x y g e n .  The composi t ion  of   the  gas   mixture   a lso 
i s  a f a c t o r  i n  de t e rmin ing  the  adso rp t ive  capac i ty  of c h a r c o a l  f o r  o r g a n i c s ;  t h e  
a d s o r p t i v e  c h a r a c t e r i s t i c s  may change somewhat i f  t h e  w a t e r  c o n t e n t  of the sample 
gas   changes   s ign i f i can t ly .   Th i s   f ac to r   p lus   t he   no rma l   d i f f e rences   i n   cha rcoa l s  
a n d  t h e  f a c t  t h a t  most adso rp t ion  da ta  a re  ob ta ined  fo r  pu re  componen t s  makes i t  
d i f f i c u l t  t o  p r e d i c t  t h e  e f f e c t i v e  on s t ream time fo r  t he  c t i a r coa l  adso rben t .  
The one percent  breakthrough volume for  bu tene-1  on charcoal  has  been shown t o  
be  about 32 l i t e r s / g m  f o r  1000 PPM butene-1.  The adso rp t ion  of carbon monoxide 
on th i s   so rben t   cou ld   no t  be de t ec t ed .   Th i s   Imp l i e s   t ha t   on ly  10 analyses   could 
be performed  before   the  sorbent  w o u l d  be pas s ing   o rgan ic s .  Assuming for   ex-  
ample ,   tha t   the  volume o f  gas   requi red   for   the   carbon monoxide t o  come t o  e q u i l i -  
b r i u m  i s  500 cc/gm, 34 analyses   could be performed  before  organics would begin 
t o   i n t e r f e r e .   T h e s e   f a c t o r s   s h o u l d  be det .ermined  experimental ly   for   the  par-  
t i c u l a r  c h a r c o a l  and an t i c ipa t ed  gas  mix tu res  in  ac tua l  u sage .  
The sc rubbe r  does  o f f e r  a solut ion  to   the  problems  encountered  under  
c e r t a i n   c o n d i t i o n s .   T h e s e   c o n d i t i o n s   a r e :  
(1) Helium-oxygen  atmosphere  with  small C 0 2  and N 2  con ten t  
( 2 )  When the  CO c o n c e n t r a t i o n  i s  g r e a t e r   t h a n  10 PPM 
( 3 )  Background CO formed i s  ve ry  small., cons iderably   smal le r   than  10 PPM 
The hel ium-oxygen atmosphere rest r ic t ion i s  made because the scrubber  
does  not   scrub  ni t rogea  and C 0 2 .  The a l lowab le   concen t r a t ions   o f  N2 and CO 
must be small  or the contributions from CO2 and N 2  a t  m/e 28 w i l l  dwarf t he  
CO c o n t r i b u t i o n .  The temperature  of  the  ion  source must  be c o n t r o l l e d  
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because  the  f ragmenta t ion  ra t io  can  change  wi th  tempera ture .  A method  of  accu-. 
r a t e l y  s u b t r a c t i n g  o u t  t h e  N2 and C02 c o n t r i b u t i o n  t o  m / e  2 8  would  requi re  a 
c l o s e l y  r e g u l a t e d  i o n  s o u r c e  t e m p e r a t u r e  o r  a constant  measurement  of the tempera- 
t u r e  t o  be mated with a knowledge of how t h e  r a t i o s  v a r y  w i t h  t e m p e r a t u r e .  
I f  a l l  t h e  i n t e r f e r e n c e  a t  mass  28 i s  e l i m i n a t e d ,  t h e  Two Gas Sensor  equipped 
wi th  sc rubbe r ,  i s  s t i l l  on ly  capab le  o f  de t ec t ing  CO a t ,  and above, the 10 PPM 
l eve  1 I 
C o n s i d e r a b l e  d i f f i c u l t y  i n  d e t e r m i n i n g  how much of  the CO d e t e c t e d  i s  i n d i c -  
a t i v e  of the composition of the atmosphere and how much comes f rom the  f i lament  
o r  w a l l s  of t h e  i o n  s o u r c e  i s  s t i l l  p r e s e n t .  I f  t h e  CO from  the  annosphere i s  
s m a l l e r ,  o r  n e a r  t h e  same magni tude  as  the  CO f rom the  f i lament  and  wal l s  of t h e  
ion  source ,  t he  de t e rmina t ion  of khe C O  concen t r a t ion  unde r  these  cond i t ions  be -  
comes unc lea r .  
CARBON MONOXIDE DETERMINATION BY THE ACCUMULATOR CELL METHOD 
While t h e  d i r e c t  d e t e r m i n a t i o n  of carbon monoxide with the mass spectrometer 
i s  t h e o r e t i c a l l y  p o s s i b l e  i n  p r a c t i c a l  a p p l i c a t i o n ,  t h e  d i f f i c u l t i e s  i n  making 
accu ra t e  d i f f e rence  measu remen t s ,  and  the  r e l a t ive ly  h igh  and  va r i ab le  s igna l  
from carbon monoxide generated a t  t h e  f i l a m e n t ,  make t h i s  measurement unaccept- 
ab le  excep t  fo r  r e l a t ive ly  h igh  concen t r a t ions  o f  ca rbon  monox ide .  An a l t e r n a t e  
method f o r  d e t e r m i n a t i o n  of carbon  monoxide i s  the use of  the accumulat ion tech-  
nique developed on NASA CONTRACT NAS 1-7266, Laboratory Contaminant Sensor Develop- 
ment Program e 
The e s s e n t i a l  e l e m e n t s  o f  t h i s  t e c h n i q u e  a r e  t h e  e x t r a c t i o n  of carbon mon- 
oxide from an a i r  sample  on a s u i t a b l e  s o r b e n t ,  a n d  d e s o r p t i o n  o f  t h e  c o n c e n t r a t e d  
carbon  monoxide  by  heat ing  the  sorbent .  Air i s  removed  from t h e  s o r b e n t  b e f o r e  
the  carbon  monoxide i s  desorbed s o  t h a t  i n t e r f e r e n c e  due t o  n i t r o g e n  is  e l i m i n a t e d .  
Hea t ing  the  c e l l  r a p i d l y  removes the carbon monoxide i n  a c o n c e n t r a t e d  b u r s t  so 
t h a t  t h e  s i g n a l  i s  e f f ec t ive ly  enhanced .  
The s o r b e n t  u s e d  f o r  e x t r a c t i o n  of carbon  monoxide i s  a palladium-coated 
cha rcoa l .   Th i s   so rben t  w i l l  a l so   be   expec ted   t o   so rb   o rgan ic   con taminan t s  some 
of which may f r agmen t  in  the  mass s p e c t r o m e t e r  t o  y i e l d  a 28  peak which w i l l  i n -  
va l ida t e   t he   ca rbon  monoxide  measurement.  This  interference  can be e l imina ted  
by  removing organics   p r ior   to   sorp t ion   of   carbon  monoxide .   This   can  be  accom- 
p l i shed  by i n s e r t i n g  a s o r b e n t  c e l l  f o r  o r g a n i c s  i n  f r o n t  o f  t h e  p a l l a d i u m -  
cha rcoa l  accumula to r  ce l l .  Ten ta t ive ly  a s sume  tha t  cha rcoa l  w i l l  be a s u i t a b l e  
s o r b e n t   f o r   t h i s   p u r p o s e ,   a l t h o u g h   o t h e r   s o r b e n t s   s h o u l d  be i n v e s t i g a t e d .  The 
pr ime requi rements  for  th i s  prescrubbing  sorbent  a re  h igh  sorp t ive  capac i ty  for  
organics  and  very  low capac i ty  for  carbon monoxide .  
An a l t e r n a t e  a p p r o a c h  i s  an  inves t iga t ion  o f  o the r  adso rben t s  fo r  ca rbon  
monoxide. In   the  or iginal   Laboratory  Contaminant   Sensor   Development   Program, 
s e v e r a l  s o r b e n t s  were t e s t ed  €o r  r e t en t ion  o f  ca rbon  monoxide a t  room tempera ture  
but   were  found  to   be  unsat isfactory.   These  include  charcoal ,   Molecular   Sieve 5A, 
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s i l i c a  g e l  a n d  some o t h e r  s p e c i a l l y  p r e p a r e d  s o r b e n t s .  However, s i n c e  t h e  
pa l l ad ium-coa ted  cha rcoa l  appea red  to  work  sa t i s f ac to r i ly ,  i t  might prove worth- 
wh i l e  t o  inves t iga t e  o the r  pa l l ad ium so rben t s .  Pu re  pa l l ad ium migh t  be  cons ide red ,  
as well as pa l l ad ium suppor t ed  on  g l a s s  beads ,  po rous  s i l i ca  beads ,  o r  o the r  t ypes  
of  support .  The d e g r e e  o f  i n e r t n e s s  i n  t h e  s u p p o r t  may a f f e c t  b o t h  t h e  r e t e n t i o n  
of  carbon monoxide and organics .  I f  the c a p a c i t y  f o r  c a r b o n  monoxide can be en-  
h a n c e d ,  w h i l e  t h a t  f o r  o r g a n i c s  is reduced ,  e l imina t ing  the  prescrubber  ce l l  may 
prove  poss ib le .  A s tudy  o f  pa l l ad ium so rben t s  fo r  ca rbon  monoxide  could  prove 
worthwhile  both from the point  of  view of  enhancing our  present  understanding of  
t h e  s o r p t i o n  c h a r c t e r i s t i c s ,  a n d  f r o m  t h e  p o i n t  of view of developing an optimum 
CO monitor ing system. 
A t  p r e sen t ,  a s sume  tha t  a p re sc rubbe r  fo r  o rgan ic s  w i l l  be  used. A simple 
sys tem for  carbon monoxide  ana lys i s  on  an  in te rmi t ten t  bas i s  i s  d e s c r i b e d  i n  t h e  
f o l l o w i n g  s e c t i o n .  
DESIGN  CONSIDERATIONS FOR A CARBON MONOXIDE 
DETERMINATION USING AN ACCUMULATOR CELL 
The bas i c  in s t rumen t  of  the Contaminant Atmosphere Sensor is t h e  Two Gas 
Analyze r   w i th   t he   ba l l   l eak   i n l e t   sys t em.  The ins t rument  i s  opera ted   cont inuous ly  
moni tor ing   water ,   n i t rogen ,   oxygen ,  and carbon  d ioxide   on   four   f ixed   co l lec tors .  
Fo r  the total  hydrocarbon measurement ,  a c o l l e c t o r  f o r  m/e 47-120 i s  added  and, 
for  helium  oxygen  atmospheres, a mass 4. c o l l e c t o r  i s  added.  With  the  accumulation 
techniques,  carbon  monoxide i s  de te rmined   on   an   i n t e rmi t t en t   bas i s .  The normal 
sample gas  f low pat tern i s  in t e r ruped  to  pe rmi t  Two Gas Sensor  to  moni tor  CO a t  
m/e  28 a s  i t  i s  desorbed  f rom  the  accumulator   cel l .  
Some m o d i f i c a t i o n s  t o  t h e  i n l e t  s y s t e m  a r e  r e q u i r e d  t o  accommodate t h e  c a r -  
bon  monoxide  measurement.  Those inc lude   mod i f i ca t ion   o f   t he   ba l l   l eak   t o   pe rmi t  
the  gas  f low to  be channe led  to  the  l eak ,  and v a l v i n g  t o  s w i t c h  from t h e  t o t a l  
a tmosphere  monitor ing  to   carbon  monoxide  determinat ion.  k r e l a t i v e l y  s i m p l e  s y s -  
t e m  proposed   for   th i s   purpose  i s  shown i n   F i g u r e  7 .  The f low  swi tch ing  i s  ac -  
complished by  a s imple   swi tch ing   va lve .   In   normal   a tmosphere ,   moni tor ing   the  
sample   f low  pas t   the   ba l l   l eak ,   th rough a charcoa l   sc rubber ,   th rough  the   va lve  
and   ou t   o t   the   pa l lad ium  charcoa l   ce l l ,   back   th rough  the   va lve   and   ou t .  When 
the  va lve  i s  switched for carbon monoxide determination, the sample flow i s  by- 
passed  and  the  carbon  monoxide c e l l  i s  p l a c e d  i n  s e r i e s  w i t h  t h e  e n t r a n c e  t o  t h e  
b a l l  l e a k .  Helium i s  u s e d  t o  p u r g e  t h e  c e l l  of r e s idua l   s ample   gas   and   t o   ca r ry  
the  desorb ing  carbon monoxide  pas t  the  ba l l  l eak .  
The sample f low rate  through the system w i l l  be e s t a b l i s h e d  by t h e  r e q u i r e d  
frequency of  analysis  for  the carbon monoxide and the lower detecable  limits. 
Assuming a fou r -hour  ana lys i s  t i m e  i n t e r v a l  a n d  a lower  de t ec t ab le  l i m i t  of 1 PPM, 
the  sample  f low ra te  may be  determined  in   the  fol lowing  manner .  An e l e c t r o m e t e r  
s i g n a l  o f  1 x 10-12 amps should provide an acceptable  measurement  over  the noise  
and  background  levels  (lO-l3 amps of m / e  28) i n  t h e  M.S. Th i s   co r re sponds   t o   an  
i o n  s o u r c e  p r e s s u r e  of  19-6 t o r r  a t  a s e n s i t i v i t y  of 1 x 10 -6  amps l to r r  ( t yp ica l  
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The to t a l   ope ra t ion   s equence   wou ld   p roceed   a s   fo l lows :   ove r  a four-hour  
period, the normal atmospheric components would be monitored. continuously,  the 
gas  s t ream being pumped through a nar row channel  pas t  the  ba l l  l eak ,  th rough the  
organic   prescrubber ,   and  through  the CO sorbent  c e l l .  A t  the  end of t h a t  time 
in t e rva l ,  an  au tomat i c  dev ice  wou ld  open  the  he l ium t ank  and  swi t ch  the  sample  
va lve   to   the   carbon  monoxide   de te rmina t ion  mode. Helium  would  flow  through  the 
c e l l  a t  0.5 cc /min  or  a l i n e a r  f l o w  r a t e  of 10 cm/min f o r  a time per iod  of  f ive  
minu tes   t o   pu rge   r e s idua l   a i r   f rom  the   sys t em.  The accumulator c e l l  would then  
be h e a t e d  a t  a r a t e  of  20°C/min t o  a temperature  of 2OO0C. The d e c r e a s e  i n  t h e  
oxygen s i g n a l  a t  m/e 32 could be u s e d  t o  i n i t i a t e  t h e  h e a t i n g  c y c l e  f o r  t h e  p a l -  
ladium-charcoal  c e l l .  A s  t h e  CO desorbs ,  i t  i s  monitored in t h e  M.S. A t  t he  
conclus ion  of t h e  d e s o r p t i o n  p e r i o d ,  t h e  c h a r c o a l  c e l l  c o u l d  be hea ted  fo r  r egen-  
e r a t i o n  i f  n e c e s s a r y .  The c e l l s  would be a l lowed  to   cool   under   he l ium  f low  for  
a predetermined  t ime  period  and  the  helium  flow  shut  off   and  the  sampling  valve 
r e t u r n e d  t o  t h e  s a m p l i n g  p o s i t i o n .  
An e s t i m a t e  of weight of the system and the power r e q u i r e d  f o r  o p e r a t i o n  
may be made on  the  bas i s  of  commerc ia l ly  ava i lab le  hardware .  This  es t imate  i s  
conserva t ive  and  the  weight  and  power can  be  reduced  by  des igning  spec ia l  equip-  
ment f o r  t h e  f l i g h t  h a r d w a r e .  
The a d d i t i o n a l  power r e q u i r e d  f o r  the carbon monoxide determination is  t h a t  
f o r  (1) hea t ing   the   accumula tor  c e l l ,  ( 2 )  actuat ing  the  valve  switching  mechanism,  
( 3 )  o p e r a t i n g  t h e  t i m i n g  c i r c u i t  a n d  p o s s i b l y ,  ( 4 )  h e a t i n g  t h e  p r e s c r u b b e r  f o r  
r e g e n e r a t i o n -  The  power requirements  depend on the  f requency  with  which  the 
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analysis  is  performed. It is  assumed  that  in  normal  operation,  the  carbon mon- 
oxide  analysis  will  be  performed  at  four-hour  intervals.  However,  during  start- 
up, and  if  the  carbon  monoxide  concentration  appears  to  be  incrasing  to  a  danger- 
ously  high level,  a  shorter  analysis  time  may  be  required.  The  total  energy  con- 
sumed  for  cell  heating  is,  of course, much  higher  if  frequent  carbon  monoxide 
determination  are  required. 
The accumulator  cell  consists  of  a  think  walled  (.001)  nichrome V tube,  1/8 
inch  in  diameter  and 6 inches  long  insulated  with 1 inch  of  glass  wool. The power 
required  to  heat  the  cell  is  estimated to be  a few  watts and  the  heating  time 
period  is  estimated  at 10 minutes. The weight  of  the  cell i s  estimated  at 5 
ounces.  A  motor  driven  valve  positioner  will  be  utilized  and  will  require  an 
estimated 1 watt  of  power. The  helium  consumed  is  approximately 25 standard  cc 
per  determination.  Helium  will  be  supplied  from  a  pressurized  tank with the flow 
rate  controlled  through  a  capillary  restriction  and  the  tank  pressure  controlled 
with  a  reducing  gauge.  Assuming  that  during  the  first  eight  hours  of  the  mission 
carbon  monoxide  is  monitored  at 30-minute  intervals and  thereafter,  at 4-hour  in- 
tervals,  a  total  volume  of 10 standard  liters  are  needed.  A  150 ml cylinder 
pressurized  to 1800 psig  should  prove  adequate. The  weight  of the  cylinder  is 
1.5 pounds;  the  weight  of  the  pressure  regulator  is  estimated  at 0.5 pounds. 
The power  supply for heating  the  charcoal  cell  is  the  same  as  that  required 
for  the CO accumulator  cell.  Since  the  frequency  of  regeneration  is less, the 
power  requirement  for  recharging  the  cell  is  less  by  approximately  the  same  factor. 
Thus, if  the  charcoal  scrubber  is  regenerated  after  every  ten  carbon  monoxide 
determinations,  at  the  four-hour  sampling  interval  the  powez'  required  to regen- 
erate  the  scrubber  is  less  than 0.1  watt. 
The power  and  weight  factors  for  the  accumulator  cell  hardware  are  tentative 
* estimates,  at  present.  A  program  to  develop  optimum  hardward  for  this  purpose  is 
planned,-and the  results  of  this  program  should  furnish  more  realistic  values  for 
the  power  consumption  and  the  weight  of  this  hardware. 
SUMMARY OF SOLUTIONS TO CO PROBLEM 
Direct  solutions  to  the CO measurement  problems:- 
(1) Increasing resolution 
(2) Low energy mass spectrometry 
( 3 )  Hydrocarbon  scrubber 
All  have  serious  drawbacks.  Increasing  the  resolution i s  of  little  value  unless 
the  resolution  is  increased  to  about  one  part  in 3,000.  The attainment  of  such 
high  value of resolution  is  far  from  being  obtainable,  at  this  time,  in  a  flight 
mass  spectrometer.  The  restraints  imposed  by  weight,  power,  and  size  requirements 
eliminate  this  method  of  approach. 
The low  energy  mass  spectrometry  method  is,  in general, not  effective  in 
reducing  fragmentation  around  mass  28. For a number  of  compounds studied, 
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f ragmentat ion  around mass 28 i n c r e a s e s  w i t h  low e n e r g y  e l e c t r o n s .  T h i s  f a c t .  
c o u p l e d  w i t h  t h e  r e s u l t  t h a t  t h e  s e n s i t i v i t y  f o r  CO g r e a t l y  decreases a t  the 
low e l e c t r o n  e n e r g i e s  r e q u i r e d ,  e l i m i n a t e s  t h e  low energy mass spectrometry 
method  from p r a c t i c a l  c o n s i d e r a t i o n .  
Of the d i r e c t  me thods ,  t he  hydroca rbon  sc rubbe r  o f f e r s  t he  g rea t e s t  poss i -  
b i l i t y  f o r  e f f e c t i v e  o p e r a t i o n .  B u t  i n  a n  N2 -02  a tmosphere ,  o r  in  an  hc  -02 
atmosphere i n  which COP o r  N 2  levels  are h igh ,  t he  sc rubbe r  becomes p r a c t i c a l l y  
u s e l e s s .   T h i s  i s  d u e   t o   t h e   f a c t   t h a t   t h e   s c r u b b e r   c a n   o n l y  el!m’nate o r g a n i c s  
and  does  not  scrub N2 o r  COq.  A l s o ,  t h e  s e n s i t i v i t y  of the   ins t rument  i s  n o t  
enhanced  by  the  scrubber  and 10 PPM of CO i s  s t i l l  the  lower  de tec tab le  l i m i t .  
For  concent ra t ions  lower  than  10 PPM of COY another  method  must be used. 
The d i r e c t  methods are l a c k i n g  i n  o n e  o r  more  of  the  major  capabi l i t i es  
r equ i r ed .   These   f a i lu re s   cause  a more i n d i r e c t  method to   be   cons idered:   the  
accumulator c e l l .  T h e   a c c u m u l a t o r   c e l l   e l i m i n a t e s   t h e   e f f e c t s  of N2 and C02 con- 
t r i b u t i o n s  t o  m / e  28 i n  two ways. F i r s t ,  t h e  s y s t e m  i s  f lushed   wi th  He purging 
the  system  of   the  gasses   present .   Second,   the CO i s  s t o r e d  i n  t h e  c e l l  and then 
r e l e a s e d  g i v i n g  a s igna l  cons ide rab ly  h ighe r  t han  10 PPM i n  t h e  5000 PPM range .  
By use   o f   these  two s t e p s ,  b a c k g r o u n d   e f f e c t s   a r e   e f f e c t i v e l y   e l i m i n a t e d .  Even 
t h e  e f f e c t  o f  CO produced  by  the  f i lament i s  dwarfed  by  the  large CO s igna l  f rom 
the  accumulator  c e l l .  I f   t h e   c o n c e n t r a t i o n   o f  CO p r e s e n t  i s  very  small, a longer  
accumulation  t ime i s  r e q u i r e d .  The  disadvantages  of  the  accumulator c e l l  method 
i s  tha t   be ing   an   ind i rec t   method,   addi t iona l   power ,   weight ,   and   complexi ty  i s  
requi red .   Another   d i sadvantage  i s  t h a t  t h e  CO measurement   requires   an  interrup-  
t i o n   i n   t h e   m o n i t o r i n g  of a tmospher i c   gases .   In   sp i t e   o f   t he   d i sadvan tages ,   t he  
accumula to r  ce l l  app roach  o f fe r s  t he  mos t  e f f ec t ive  method  of dea l ing  wi th  the  
CO measurement problem. 
ANALYZER  LAYOUT 
The Analyzer Layout i s  shown in the Mechanical  Design and Packaging Sect ion 
below. The design  of  the  analyzer  housing  has  been  changed  from  previous Two Gas 
Sensor   des igns .  The a n a l y z e r  is  e n l a r g e d   t o  p e r m i t  t h e   l o c a t i o n   o f   t h e   a d d i t i o n a l  
c o l l e c t o r s .  The f o c a l  p o i n t s  f o r  m / e  2 and m / e  4 a r e  l o c a t e d  i n  t h e  m a g n e t i c  
f i e l d .  The c o l l e c t o r s  f o r  t h e s e  two m a s s e s   a r e   l o c a t e d   i n   t h e   m a g n e t i c   f i e l d   a n d  
connec ted   t o   t he  same c o l l e c t o r  s u p p o r t .  The c o l l e c t o r  f o r  m / e  47-120 is  n o t  
connec ted  to  the c o l l e c t o r  f l a n g e  b u t  i s  suspended from the analyzer housing. 
Also,  a m / e  15 c o l l e c t o r  h a s  b e e n  a d d e d .  The m / e  15 and m / e  1 8  c o l l e c t o r s  s h a r e  
t h e  same c o l l e c t o r  s u p p o r t .  
SUPPORT  ELECTRONICS  UBSYSTEM 
Based  on t h e  a n a l y s i s  p e r f o r m e d  d u r i n g  t h e  c o u r s e  o f  t h i s  s t u d y  p l u s  t h e  
r e s u l t s  o f  v a r i o u s  tests performed on the Two Gas Analyzer ,  i t  has  been  de te r -  
mined t h a t  t h e  s u p p o r t  e l e c t r o n i c s  s h o u l d  c o n s i s t  o f  t h e  f o l l o w i n g  f u n c t i o n a l  
u n i t s .  (See  Figure  8.) 
(1)   Input   Regulator   Regulates   he  incoming  power  l ine vol tage  and 
reduces conduc ted EMI. 
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(2) F i lament   Emiss ion   Provides   cont ro l led  power t o   h e  f i l a m e n t  s o  
Regu la to r   t ha t   cons t an t   node   cu r r n t  is  maintained.  
(3) Electrode  Bias   Supply  Provides  the p o t e n t i a l s   r e q u i r e d   b y   t h e   a n -  
a l y z e r  e l e c t r o d e s .  
( 4 )  D e t e c t o r s  
( 5 )  Rezero   C i rcu i t ry  
P r o v i d e  o u t p u t  v o l t a g e s  p r o p o r t i o n a l  t o  t h e  
number of i o n s  r e a c h i n g  t h e  i o n  c o l l e c t o r s .  
Pe r fo rms  the  swi t ch ing  func t ions  necessa ry  
f o r  the r e z e r o  c y c l e .  
(6) Ion Pump Supply  Provides  the power n e c e s s a r y   t o   o p e r a t e   t h e  
i o n  pump. 
(7)  Accumulator Cel l  C o n t r o l s   t h e  power  used by the  accumulator  
E l e c t r o n i c s  c e l l  and valving. 
Units   (2)   through (5) a b o v e  a r e  e s s e n t i a l l y  i m p r o v e d  v e r s i o n s  o f  t h e  c i r c u i t s  
used on t h e  Two Gas Sensor  System. The o t h e r  u n i t s  a r e  b a s e d  on c i r c u i t r y  p r e -  
v ious ly  deve loped  by  Perk in-Elmer  Aerospace  Sys tems for  s imi la r  appl ica t ions .  
Following i s  a d e t a i l e d  c i r c u i t  d e s c r i p t i o n .  
I n p u t   r e g u l a t o r . -  The i n p u t   r e g u l a t o r   c o n s i s t s   o f   f i v e   s e c t i o n s   a s  shown in 
Figure  9 and i s  a swi t ch ing  r egu la to r  p receded  by  an  e l ec t romagne t i c  i n t e r -  
f e r e n c e  f i l t e r  and u t i l i z e s  r i p p l e  d e t e c t i o n  r e g u l a t i o n .  The r ipp le   deve loped  
between  the f i l t e r  i n d u c t o r s  i s  amplif ied and used to  switch.  a b i s t a b l e  t r i g g e r  
c i r c u i t .  The o u t p u t  o f  t h e  t r i g g e r  c i r c u i t  i s  a p u l s e  t r a i n  w h i c h  i s  a p p l i e d  
through a d r i v e r  t o  t h e  series swicch. The r i p p l e  d o e s  n o t  a p p e a r  a t  t h e  o u t p u t ,  
due t o  t h e  f i l t e r  a c t i o n  o f   t he   ou tpu t   capdc i to r .  This method  provides  adequate 
r egu la t ion  wi th  an  e f f i c i ency  o f  approx ima te ly  80%. 
The e l e c t r o m a g n e t i c   i n t e r f e r e n c e   f i l t e r   s e r v e s  two purposes :   a t t enua te s  
c o n d u c t e d  i n t e r f e r e n c e  i n  b o t h  d i r e c t i o n s  and  reduces  the  e f fec t  o f  l ine  t ran-  
s i e n t s  o n  t h e  o p e r a t i o n  of t he  in s t rumen t .  
F i l amen t   emis s ion   r egu la to r . -  The f i l amen t   emis s ion   r egu la to r   ma in ta ins  a 
c o n s t a n t  e m i s s i o n  c u r r e n t  by c o n t r o l l i n g  t h e  AC power supp l i ed  to  the  f i l amen t .  
A b lock   d iagram  of   th i s   sys tem i s  shown i n  F i g u r e  10.   Basic   operat ion  of   the 
system i s  a s   f o l l o w s :  The inver te r   p roduces   squarewaves   which   a re   suppl ied   to  
t h e  2OVdc regu la to r ,  t he  ou tpu t  ampl i f i e r ,  and  a s  synchron iza t ion  pu l ses  to  the  
v o l t a g e  c o n t r o l l e d  o s c i l l a t o r  (VCO). The e r r o r   a m p l i f i e r   m o n i t o r s  a vo l t age   p ro -  
p o r t i o n a l  t o  t h e  e m i s s i o n  c u r r e n t  level ,  compares i t  t o  a r e fe rence  vo l t age ,  and  
a m p l i f i e s   t h e   d i f f e r e n c e   b e t w e e n   t h e  two v o l t a g e s .  The a m p l i f i e d   d i f f e r e n c e  
v o l t a g e  i s  s u p p l i e d   t o   t h e   i n p u t   o f   t h e  VCO. The VCO i s  reset each time t h e  
squarewave  sync  s ignal   changes  polar i ty .   After   being reset ,  t h e  VCO d e l a y s  a 
f i n i t e  time in t e rva l   and   t hen   p roduces  a pu l se .  The l e n g t h  of t h e  time d e l a y  is  
determined by the  magn i tude  o f  t he  e r ro r  ampl i f i e r  ou tpu t  vo l t age .  Each VCO o u t -  
p u t   p u l s e   t u r n s   t h e   o u t p u t   s w i t c h i n g   a m p l i f i e r  on. It  t h e n   r e m a i n s   o n   u n t i l   t h e  
squarewave   vo l tage   f rom  the   inver te r   changes   po lar i ty .  The o v e r a l l  e f f e c t  i s  t h a t  
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t h e  o u t p u t  s w i t c h i n g  a m p l i f i e r  p a s s e s  o n l y  a p o r t i o n  o f  the squarewave.  The  per- 
centage of the squarewave passed i s  determined by the amount of power required by 
t h e  f i l a m e n t  t o  p r o d u c e  t h e  d e s i r e d  m a g n i t u d e  o f  e m i s s i o n  c u r r e n t .  
By mak ing  mod i f i ca t ions  in  the VCO a n d  t h e  e r r o r  a m p l i f i e r ,  t h r e e  a r e a s  of 
o p e r a t i o n  w i l l  be  improved; F i r s t ,  a broader   range  of   f i lament  power w i l l  be 
a v a i l a b l e  s o  t h a t  f i l a m e n t  a g i n g  d o e s  n o t  e f fec t  the  sensor  opera t ion ;  second,  
AC s t a b i l i t y  a t  low anode  cur ren ts  w i l l  be  improved ( the present  c i rcui t  was de-  
s i g n e d  a n d  a n a l y z e d  t o  o p e r a t e  a t  f i v e  times t h e  a n o d e  c u r r e n t  e x p e c t e d  f o r  t h i s  
i n s t r u m e n t ) ;  t h i r d ,  t e m p e r a t u r e  s t a b i l i t y  w i l l  be  improved t o  h e l p  meet t h e  s e n s i -  
t i v i t y   r e q u i r e m e n t s  of the  system. The methods f o r  making  these  improvements 
h a v e  b e e n  i d e n t i f i e d  and may be readily implemented. 
Electrode  Bias  Supply.- The e l e c t r o d e   b i a s   s u p p l y  shown i n  F i g u r e  11, con- 
s is ts  of two DC/DC c o n v e r t e r s ,  t h r e e  series r e g u l a t o r s ,  a n d  a res i s t ive  v o l t a g e  
d i v i d e r  s t r i n g .  The e l e c t r o d e   b i a s   s u p p l y   f u n c t i o n  i s  t o  p r o v i d e  t h e  p o t e n t i a l s  
r e q u i r e d  b y  t h e  a n a l y z e r  e l e c t r o d e s .  
The c o n v e r t e r s  a r e  d r i v e n  b y  a s i g n a l  from t h e  f i l a m e n t  s u p p l y  SO t h a t  t h e  
opera t ing   f requency  of both  modules  are  synchronized.  Each  transformer  has 
m u l t i p l e  w i n d i n g s  a n d  s e v e r a l  w i n d i n g s  h a v e  m u l t i p l e  t a p s ;  i n  t h i s  way, a wide 
range of  output  vol tages  i s  obtained  and  the  operation  of  the  module i s  h i g h l y  
f l e x i b l e .  
The s e r i e s  r e g u l a t o r s  a r e  a d j u s t a b l e  o v e r  t h e  r a n g e  r e q u i r e d  f o r  p r o p e r  
analyzer   performance.  The output  of a semiregulated  winding i s  p l a c e d  i n  series 
w i t h  t h e  r e g u l a t o r  and a sample  o f  t he  to t a l  vo l t age  i s  sensed by t h e  r e g u l a t o r  
feedback  loop.   This   produces a r e g u l a t e d  v o l t a g e  t h a t  i s  much g r e a t e r  t h a n  t h e  
r e g u l a t o r   a l o n e  i s  capable  of providing.  The t h r e e  series r e g u l a t o r s  a r e  i d e n t i -  
c a l  and t h e  f o l l o w i n g  d e s c r i p t i o n  a p p l i e s  t o  a l l  t h r e e .  The series r e g u l a t o r  may 
be   cons ide red   a s   an   ope ra t iona l   ampl i f i e r   w i th  a d i f f e r e n t i a l  i n p u t .  A temperature-  
compensa ted  re ference  d iode  es tab l i shes  a f i x e d  v o l t a g e  a t  t h e  n o n i n v e r t i n g  i n p u t  
and  the  feedback  vol tage  d iv ider  presents  a p o r t i o n  o f  t h e  o u t p u t  a t  t h e  i n v e r t i n g  
i n p u t .  Any difference  appearing  between  the two i n p u t s  r e s u l t s  i n  a n  a d j u s t m e n t  
i n  t h e  o u t p u t  t h a t  b r i n g s  t h e  v o l t a g e  d i f f e r e n c e  b e t w e e n  t h e  two bases  back  to  
zero .   Therefore ,   the   ou tput  i s  h e l d  c o n s t a n t  a t  a va lue   de te rmined   by   the   re fe r -  
ence  vo l t age  and t h e  f e e d b a c k  v o l t a g e  d i v i d e r .  
The r e s i s t i v e  d i v i d e r  s t r i n g  c o n s i s t s  o f  f i x e d  r e s i s t o r s  c o n n e c t e d  i n  a series- 
p a r a l l e l  c o m b i n a t i o n  t h a t  p r o v i d e s  t h e  p r o p e r  p o t e n t i a l s  t o  t h e  e l e c t r o d e s  of t h e  
ana lyzer .  The s t r i n g  i s  made up  of wire wound r e s i s t o r s  w i t h  e x c e l l e n t  t e m p e r a -  
t u r e  c h a r a c t e r i s t i c s  s o  t h a t  t h e  e l e c t r o d e  p o t e n t i a l s  w i l l  n o t  be a f f ec t ed  by  
t e m p e r a t u r e  t o  a n y  s i g n i f i c a n t  e x t e n t .  
This  c i rcu i t  has  been  changed  f rom the  or ig ina l  by  the  addi t ion  of  a t h i r d  
series r e g u l a t o r .   W i t h   t h e   t h i r d   r e g u l a t o r ,   t h e   t h r e e   c u r r e n t - c a r r y i n g  e l ec -  
t r o d e s  - -  t he  f i l amen t  r e fe rence ,  t he  anode ,  and  the  e l ec t ron  acce le ra to r  - -  a r e  
each   connec ted   to  a s e p a r a t e  low impedance   po in t .   Th i s   enhances   t he   s t ab i l i t y  
of  the source by m a i n t a i n i n g  a l l  t h e  e l e c t r o d e s  a t  c o n s t a n t  p o t e n t i a l  d e s p i t e  
changes i n  c u r r e n t .  
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P r e c i s i o n  power supply, . -   The  precis ion power supp ly   (F igu re  1 2 )  c o n s i s t s  o f  
a d r i v e n  DC/DC conver te r  and  two series r e g u l a t o r s  t o  d e l i v e r  SlOVdc and -1OVdc 
a t  0.1% r e g u l a t i o n  t o  t h e  d e t e c t o r s  a n d  a s s o c i a t e d  c i r c u i t r y .  I n  t h e  Two Gas 
Sensor  system, i t  was c a l l e d  t h e  d e t e c t o r  power supply.  
The p o s i t i v e  a n d  n e g a t i v e  r e g u l a t o r s  a r e  e s s e n t i a l l y  t h e  same, so  on ly  the  
p o s i t i v e  u n i t  w i l l  be descr ibed  here .  
T h e r e  a r e  f o u r  s e c t i o n s  i n  t h e  r e g u l a t o r ;  a pass   e lement ,  a tempera ture  com- 
pensa ted   vo l t age   r e fe rence ,  a d i f f e r e n c e   a m p l i f i e r ,  and a feedback  network. The 
feedback  ne twork  suppl ies  a f r a c t i o n  of t h e  o u t p u t  v o l t a g e  t o  o n e  i n p u t  of t h e  
d i f f e r e n c e  a m p l i f i e r  a n d  t h e  o t h e r  i n p u t  i s  connec ted  to  the  vo l t age  r e fe rence .  
The output  of t h e  d i f f e r e n c e  a m p l i f i e r  d r i v e s  t h e  p a s s  e l e m e n t  s o  t h a t  t h e  v o l t -  
age   be tween   t he   ampl i f i e r   i npu t s   r ema ins   a t   ze ro .  The l e v e l  of t h e   o u t p u t   v o l t -  
age i s  c o n t r o l l e d  by the  pe rcen tage  o f  t he  ou tpu t  vo l t age  tha t  i s  f e d  b a c k  t o  t h e  
d i f f e r e n c e  a m p l i f i e r .  
The o n l y  m o d i f i c a t i o n  t o  t h i s  u n i t  i s  t o  i n c r e a s e  t h e  power c a p a b i l i t y  by 
a d j u s t i n g  component v a l u e s  a n d  i n c r e a s i n g  t h e  c u r r e n t  c a p a b i l i t i y  of t he  series 
p a s s  t r a n s i s t o r .  The c i r c u i t  i s  more t h a n  a d e q u a t e  i n  e v e r y  o t h e r  way. 
Detec tors . -  The d e t e c t o r s   a r e   s o l i d - s t a t e   e l e c t r o m e t e r   a m p l i f i e r s   c a p a b l e  
of ampl i fy ing  the  minu te  ion  cu r ren t  deve loped  in  the  ana lyze r  t o  the  r equ i r ed  
p o s i t i v e  o u t p u t  v o l t a g e  l e v e l s .  
A s  shown i n  F i g u r e  1 3 ,  Detec tor  Block  Diagram,  the  c i rcu i t ry  i s  d i v i d e d  i n t o  
t h r e e  p a r t s .  
The p r e a m p l i f i e r  u t i l i z e s  a m e t a l  o x i d e  s e m i c o n d u c t o r  f i e l d  e f f e c t  t r a n s i s t o r  
(MOSFET) a s  i t s  inpu t  dev ice ,  t o  p rov ide  thc  necessa ry  inpu t  impedance  wi th  ade -  
qua te  c i r cu i t  pe r fo rmance .  
The a c t i v e  f i l t e r  i s  a low-pass  t-.~o-pole  type  which i s  u s e d  t o  s e t  the  band- 
wid th   t o   t he   r equ i r ed   va lue   wh i l e   min imiz ing   ou tpu t   no i se .  The minimum open  loop 
ga in  o f  t he  combined  p reampi i f i e r  and  f i l t e r  i s  g rea t e r  t han  1000  so t h a t  t h e  
c l o s e d  l o o p - g a i n  e r r o r  i s  less  than 0.1%. 
The a c t u a l  u n i t s  w i l l  use  thk same b l o c k  d i a g r a m ,  b u t  t h e  c i r c u i t r y  w i l l  
change   cons iderably   to  meet the  1 x ampere minimum d e t e c t a b l e   s i g n a l  re -  
qui rement   o f   th i s   sensor .  A new MOSFET inpu t   dev ice   t ha t   t akes   advan tage  of 
r e c e n t  a d v a n c e s  i n  l o t - n o i s e  MOSFET technology should enhance the s ignal- to-noise  
r a t i o  o f  t h e  d e t e c t o r s  s i g n i f i c a n t l y ,  w h i l e  t h e  a d d i t i o n  of a temperature-  
compensation  network  and a rezero network w i l l  r e d u c e  t h e  e f f e c t s  of the tempera- 
t u r e  d r i f t  and  component  aging. The r e z e r o  scheme i s  shown i n   F i g u r e  14. The 
i o n  beam i s  d e f l e c t e d  away from t h e  c o l l e c t o r s  t o  p l a c e  t h e  i n p u t  a t  z e r o .  The 
c a p a c i t o r  C, i s  c h a r g e d  t o  t h e  o u t p u t  v o l t a g e  w h i c h  i n  t h e  e l e c t r o m e t e r  c o n f i g u -  
r a t i o n  e q u a l s  t h e  i n p u t  o f f s e t  v o l t a g e .  The c a p a c i t o r  i s  then  momentar i ly   switched 
t o  t h e  i n p u t ,  t h u s  c o u n t e r a c t i n g  t h e  e r r o r  v o l t a g e  a n d  b r i n g i n g  t h e  o u t p u t  t o  z e r o .  
I n  t h i s  way, t h e  e f f e c t s  o f  v a r i o u s  s o u r c e s  o f  o u t p u t  e r r o r  a r e  n e g a t e d .  
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Rezero  c i r cu i t ry . -  The r eze ro  c i r cu i t ry  b lock  d i ag ram i s  shown i n  F i g u r e  1 5 .  
The r e z e r o  c i r c u i t r y  c o n s i s t s  of a r e z e r o  o s c i l l a t o r  a n d  two s w i t c h i n g  c i r c u i t s .  
The o s c i l l a t o r  m a i n t a i n s  t h e  p r o p e r  t i m i n g  r e l a t i o n s h i p s  d u r i n g  t h e  r e z e r o  c y c l e  
whi le  one swi tch  causes  the  ion  beam t o  be d e f l e c t e d  and t h e  o t h e r  c o n t r o l s  t h e  
r e z e r o  f u n c t i o n  w i t h i n  t h e  d e t e c t o r .  The r e z e r o  c i r c u i t r y  i s  powered  by the  pre-  
c i s i o n  power supply.  
Ion  pump supply.- The i o n  pump supp ly ,  a s  shown i n  F i g u r e  1 6 ,  p r o v i d e s  t h e  
p o t e n t i a l  n e c e s s a r y  t o  o p e r a t e  t h e  i o n  pump cells a n d  c o n s i s t s  of a d r i v e n  m u l t i -  
v i b r a t o r ,  a s tep-up   t ransformer ,   and  a v o l t a g e - d o u b l i n g  r e c t i f i e r  c i r c u i t .  The 
m u l t i v i b r a t o r  i s  d r i v e n  by a s igna l  deve loped  in  the  F i l amen t  Power Regula tor  so 
t h a t  t h e  s w i t c h i n g  t r a n s i e n t s  o c c u r  s i m u l t a n e o u s l y  a n d  c a n  b e  more e a s i l y  f i l t e r e d .  
The t ransformer  is  a h i g h  e f f i c i e n c y  tape-wound type with a ve ry  l a rge  s t ep -up  
t u r n s  r a t i o .  
A s tar t ing-mode has  been added to  a l low the supply to  furnish the high cur-  
r e n t  r e q u i r e d  f o r  s t a r t i n g  w h i l e  s t i l l  m a i n t a i n i n g  r e a s o n a b l e  e f f i c i e n c y  when 
running a t  v e r y  low c u r r e n t s .  
Accumulator c e l l  e l e c t r o n i c s . -  The a c c u m u l a t o r  c e l l  e l e c t r o n i c s  c o n s i s t  of 
t h e  f o u r  u n i t s  shown i n  F i g u r e  1 7 .  The DC/DC conver t e r   p rov ides   t he  low v o l t a g e  
r equ i r ed  by t h e  c o n s t a n t  c u r r e n t  s o u r c e  a s  w e l l  a s  t h e  v o l t a g e s  u s e d  by the  se- 
quencer. The c o n s t a n t - c u r r e n t   s o u r c e   c h a r g e s   t h e   b a t t e r y   a t   t h e   p r o p e r   r a t e  and 
i n  t h e  p r o p e r  manner. The v a l v e  c o n t r o l  c i r c u i t  a p p l i e s  power t o  t h e  v a l v i n g  o n l y  
long   enough  to   cause   p roper   ac t iva t ion ,   thus   conserv ing  power.  The sequencer  con- 
t ro l s  t he  sequence  o f  even t s  r equ i r ed  in  the  ope ra t ion  of t h e  c e l l .  
POWER S W W  
The  power f i g u r e s  g i v e n  below a r e  c a l c u l a t e d  a t  n o m i n a l  s o u r c e  v o l t a g e  and 
normal  system  operation. The f i g u r e s  do   no t   inc lude   the  power  consumed  and v a l v -  
i n g  by t h e  a c c u m u l a t o r  c e l l ,  t h e s e  f u n c t i o n s  a r e  summarized in  the Accumulator  
C e l l  and Valves discussion below. 
Input  Regula  tor  1.80 W 
Filament  Emission  Regulator  2.60 W 
( Inc lud ing  F i l amen t  D i s s ipa t ion )  
Electrode  Bias Supply  0.75 W 
P r e c i s i o n  Power Supply 0.75 W 
D e t e c t o r s   ( a t  0.15 W each)  1.20 w 
Ion  Pump Supply 2.00 w 
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(7) Reze ro   C i rcu i t  
(8) Accumulator Cel l  C i r c u i t  
T o t a l  Power 
0.5 W 
0.20 w 
9.80 W 
PUMPING 
The Atmospheric  Sampling  System  requires a t o r r  vacuum source  of   approxi-  
mately 3 l i ter /second,   for   maintenance  of   operat ion.   During  the  development   of   the  
Two Gas Senso r ,  ven t ing  to  ou te r  space  th rough  the  spacec ra f t  cab in  i s  a s  i n v e s t i -  
gated.  By connect ing  the  Atmospheric   Sampling  System  to   outer   space  through  an 
18  inch  long  x 1.125 diameter tube,  a pumping speed  of 4 l i ters  per second can be 
maintained.  The 1 8  i n c h  l e n g t h  was  assumed t o  be s u f f i c i e n t  t o  p a s s  t h r o u g h  t h e  
bulkhead  of   the  spacecraf t .  The end  of  the  l ine  was  to  be  capped  with a break-off  
ha t  wh ich  would m a i n t a i n  the mass spectrometer i n  a n  e v a c u a t e d  c o n d i t i o n  d u r i n g  
pre- launch,   launch,   and  ascent .  The b reak -o f f   ha t  i s  ruptured   and   e jec ted   by   the  
a c t i o n  o f  a redundant   pyro technic   squib   and   spr ing   assembly .   Dur ing   ground  check-  
o u t  a n  a u x i l l a r y  pumping s t a t i o n  would  be  employed t o  s u p p l y  t h e  n e c e s s a r y  
evacuat ion .  
The v e n t  t o  o u t e r  s p a c e  would reduce the system weight and power requirements  
by  e l imina t ing  the  need  fo r  a s e l f - c o n t a i n e d  vacuum appara tus .  The t r adeof f  be ing  
t h a t  a s e p a r a t e  vacuum l ine  th rough  the  wa l l  o f  t he  capsu le  would  be  required. 
For  this  appl icat ion Perkin-Elmer Aerospace Systems i s  proposing a s e l f - c o n t a i n e d  
vacuum system.  Should  the  pump-out  ube  approach  be  acceptable i n  terms o f   t he  
s p a c e c r a f t  i n t e r f a c e ,  i t  could of cour se  be  adop ted ,  bu t  no  fu r the r  cons ide ra t ion  
of t h i s  method w i l l  be g i v e n  a t  t h i s  time. 
Pe rk in -E lmer  p roposes  the  " spu t t e r "  o r  "ge t t e r "  i on  pump f o r  t h i s  a p p l i c a t i o n ,  
a s  t h i s  i s  the  on ly  type of pump compatible  with space environments  capable  of  pump- 
i n g  i n e r t  g a s e s  s u c h  a s  h e l i u m  a t  a r a t e  s u f f i c i e n t  f o r  t h i s  a p p l i c a t i o n .  B r i e f l y ,  
t he  ope ra t ion  o f  an  ion  pump can   be   descr ibed   as   fo l lows:   the   ion  pump c o n s i s t s  
of  open-ended cyl indrical  anodes suspended between two c a t h o d e  p l a t e s  i n s i d e  of a 
vacuum envelope.  (Figure  18.)  A m a g n e t i c   f i e l d  i s  a p p l i e d   p a r a l l e l   t o   t h e   a x e s  
of  the  anode ce l l s  and a h i g h - p o s i t i v e   v o l t a g e  i s  a p p l i e d   t o   t h e   a n o d e  c e l l s .  This  
vo l t age   causes  a Penn ing   d i scha rge   t o  be e s t a b l i s h e d  i n  t h e  c e l l  r e g i o n .   E l e c t r o n s  
formed in   t he   d i scha rge   a r e   t r apped   by   t he   magne t i c   f i e ld .   Ions   fo rmed   a r e   ac -  
ce le ra ted   toward   the   t i t an ium  ca thodes .  The i o n s   s t r i k e   t h e   c a t h o d e   s u r f a c e s   w i t h  
s u f f i c i e n t  momentum t o  c a u s e  s p u t t e r i n g  o f  t h e  t i t a n i u m .  T h i s  s p u t t e r e d  m a t e r i a l  
coa ts  the  anode  and  the  oppos ing  ca thode  wi th  c lean  t i t an ium,  ge t te r ing  ac t ive  
gases  such  as  n i t rogen ,  oxygen ,  carbon d ioxide  and  water  vapor ,  thereby  pumping 
them. 
I n e r t  g a s  i s  pumped by b u r i a l  o f  t h e  i n e r t  g a s  e n e r g e t i c  i o n s  and n e u t r a l s  
wi th   newly   sput te red   t i t an ium.   This   p rocess  i s  n o t  a s  e f f i c i e n t  a s  g e t t e r i n g ,  
producing a lower   pumping   speed   fo r   i ne r t   gases   t han   fo r   ac t ive   gases .   Seve ra l  
t ypes  of i o n  pumps a r e  a v a i l a b l e  i n  w h i c h  i n e r t  g a s  pumping has  been  enhanced  by 
var ious   t echniques .   These   inc lude   s lo t t ing   the   ca thode   sur face ,   employing  two 
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d i f f e r e n t  c a t h o d e  m a t e r i a l s  w i t h  d i f f e r e n t  s p u t t e r i n g  r a t e s ,  a n d  e m p l o y i n g  a n o t h e r  
e l e c t r o d e  c a l l e d  a g r i d  o r  s p u t t e r  c a t h o d e .  A l l  o f  t h e s e  t e c h n i q u e s  a r e  a i m e d  a t  
o b t a i n i n g  d i f f e r e n t i a l  s p u t t e r i n g  from one area of the pump t o  a n o t h e r  i n  o r d e r  
t o  s u p p l y  f r e s h  m a t e r i a l  f o r  b u r i a l  o f  i n e r t  s p e c i e s .  The b e s t  i n e r t  pumping i o n  
pumps w i l l  pump helium a t  approximately 30% of  the  speed  of  a i r ,  which  is  s u f f i -  
c i e n t  f o r  t h i s  a p p l i c a t i o n .  
The  pumping s p e e d  r e q u i r e m e n t s  a r e  - r e v i e w e d  i n  d e t a i l  i n  t h e  A n a l y z e r  Sub- 
system  Considerat ions  discussion  below.   General ly ,   however ,   an  act ive  gas  pump- 
ing  speed  of two o r  t h r e e  l i ters  per  second i s  r e q u i r e d ,  p r o v i d i n g  a cor responding  
speed  for   hel ium  of  a l i t t l e  less than  one l i t e r  per  second.  The. Two Gas Sensor 
program  included  development  of a pump e s s e n t i a l l y  h a v i n g  t h e s e  p r o p e r t i e s .  Two 
pumping speed  curves  versus  anode  vol tage  for  a i r  and  oxygen for  th i s  ion  pump a r e  
shown in  F igures  19  and  20. With  cont inued  development ,   th is   ion pump w i l l  be 
capable  of  achieving  the  required  performance.  Helium pumping has   no t   ye t   been  
a t t e m p t e d  w i t h  t h i s  i o n  pump, t h i s  n o t  b e i n g  a r equ i r emen t  unde r  the  p re sen t  e f fo r t .  
Perkin-Elmer Aerospace Systems has  invest igated a 1 l i t e r l s e c o n d  D i f f e r e n t i a l  S p u t -  
t e r  Ion  Pump manufactured by the   Ul tek   Div is ion   of   Perk in-Elmer .  It demonstrated 
pumping speeds  fo r  he l ium in  the  r ange  o f  25 t o  35% o f  t h e  s p e e d  f o r  a i r ,  w h i c h  i s  
c o n s i s t e n t  w i t h  t h e  m a n u f a c t u r e r s  s p e c i f i c a t i o n s .  
For  the  CAS System, Perkin-Elmer proposes to modify the ion pump developed 
du r ing  the  Two Gas S e n s o r  p r o g r a m  b y  i n c o r p o r a t i n g  t h e  d i f f e r e n t i a l  s p u t t e r i n g  
configurat ion employed by U l t e k  t o  o b t a i n  t h e  n e c e s s a r y  h e l i u m  pumping speed. 
This  convers ion  can  be r ead i ly  accompl i shed ,  r equ i r ing  on ly  the  use  o f  a d i f f e r e n t  
c a t h o d e   m a t e r i a l   f o r  one   ca thode .   Addi t iona l   improvements   a re   expec ted   to  be i n -  
c o r p o r a t e d  i n  t h i s  i o n  pump p r i o r  t o  c o m p l e t i o n  of the present  program. 
Add i t iona l  a r eas  of i n t e r e s t  r e l a t i v e  t o  t h e  o p e r a t i o n  o f  t h e  i o n  pump w i l l  
be b r i e f l y  d i s c u s s e d  i n  t h e  f o l l o w i n g  p a r a g r a p h s .  I o n  pumps have  been i n  u s e  
s i n c e  1957 and  have  a t t a ined  wide  popu la r i ty  in  a sho r t  pe r iod  o f  time p r i m a r i l y  
due t o  t h e  s i m p l i c i t y  of t h e i r  c o n s t r u c t i o n  w h i c h  l e a d s  t o  i n h e r e n t  r e l i a b i l i t y ;  
t h e i r  c l e a n l i n e s s  w h i c h  a v o i d s  d i f f i c u l t i e s  due t o  o i l  c o n t a m i n a t i o n ;  t h e i r  l o n  
o p e r a t i n g  l i f e  w i t h  t r o u b l e - f r e e  p e r f o r m a n c e  ( i n  e x c e s s  of L O 4  hours  a t  1 x 10- % 
t o r r  of a i r  and longer a t  lower  pressures) ;  and  the  low u l t i m a t e  p r e s s u r e s  t h e y  
can achieve.  
The i o n  pump i s  operated from a high vol tagc DC power supp ly  wh ich  fo r  t he  
proposed pump would  have a vol tage  of  about  6 Kv. The power r e q u i r e d  f o r  t h e  
pump i s  p r o p o r t i o n a l  t o  t h e  o p e r a t i n g  p r e s s u r e  a n d  t o  t h e  I / p  r a t i o .  F o r  com- 
m e r c i a l  i o n  pumps t h e  I / p  r a t i o  i s  approximate ly  10  amps/ tor r  for  each  l i t e r /  
second  of  pumping  speed f o r  a i r .  T h e r e f o r e ,  f o r  a t h r e e  l i t e r l s e c o n d  i o n  pump, 
pumping a i r   a t  1 x 10-6 t o r r ,  t h e  l o a d  power i n  t h e  pump would  be 180 m i l l i w a t t s  
which i s  c e r t a i n l y  c o m p a t i b l e  w i t h  t h e  power r e q u i r e m e n t s  f o r  t h e  o v e r a l l  s y s t e m .  
Wi th  an  e f f i c i ency  of 20%, t h e  i o n  pump power supply would require  less t h a n  
1 w a t t .  
As d e s c r i b e d  e a r l i e r ,  t h e  pumping r equ i r emen t  fo r  he l ium p resen t s  a s p e c i a l  
c o n s i d e r a t i o n .  The pumping  speed for  he l ium w i l l  v a r y  somewhat  more t h a n  f o r  t h e  
o t h e r  g a s e s  d u e  t o  t h e  d i f f e r e n c t  mechanism  by  which i t  is  pumped. These e f f e c t s  
w i l l  be diminished by t h e  d i f f e r e n t i a l  p r e s s u r e  r a t i o  w h i c h  e x i s t s  b e t w e e n  t h e  
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i on  source  and. the ana lyze r  a s  desc r ibed  in  the  Ion  Source  d i scuss ion  be low.  In  
t h e  c a s e  of he l ium,  the  reduct ion  w i l l  n o t  b e  a s  s u b s t a n t i a l  f o r  two reasons.  
F i r s t ,  t h e  pumping speed  of  the  pump fo r  he l ium is' lower  than  fo r  t he  ac t ive  
gases;  and second,  the conductance of t h e  i o n  s o u r c e  f o r  h e l i u m  is  h ighe r  due  to  
lower molecu la r  we igh t  ( and  consequen t ly  h ighe r  t he rma l  ve loc i ty  a t  a g iven  
temperature) .  The c o m b i n a t i o n   o f   t h e s e   e f f e c t s   r e d u c e s   t h e   d i f f e r e n t i a l   p r e s s u r e  
r a t i o  f o r  h e l i u m  t o  a p p r o x i m a t e l y  8. As a r e s u l t ,  v a r i a t i o n s  i n  h e l i u m  pumping 
speed  or  the  he l ium background leve l  in  the  ana lyzer  reg ion  w i l l  be diplinished 
by a f a c t o r  of 8 i n  t h e  i o n  s o u r c e .  T h i s  w i l l  a i d  i n  r e d u c i n g  i o n  s o u r c e  p a r t i a l  
p r e s s u r e  v a r i a t i o n s  d u e  t o  c h a n g e s  i n  t h e  i o n  pump; t h e  r e d u c t i o n  w i l l  be a s  g r e a t  
a s  i n  t h e  c a s e  o f  t h e  a c t i v e  g a s e s  and w i l l  r e s u l t  i n  g r e a t e r  r e d u c t i o n  of  ac-  
curacy of the helium measurement through pump-speed va r i a t ions .  Dur ing  the  ma- 
j o r i t y  o f  t h e  o p e r a t i n g  p e r i o d ,  when the control led atmosphere i s  be in  moni tored ,  
t he  pump c h a r a c t e r i s t i c s  s h o u l d  be s u f f i c i e n t l y  s t a b l e  t h a t  t h i s  w i l l  not be a 
s ign i f i can t  conce rn .  Fu r the rmore ,  s ince  the  sample  f low wi th in  the  en t i r e  mass  
spectrometer  system is molecular  and  therefore ,  on  a n o n - i n t e r f e r i n g  b a s i s ,  v a r i -  
a t i o n s  i n  t h e  h e l i u m  p a r t i a l  p r e s s u r e  w i t h i n  t h e  i o n  s o u r c e  w i l l  n o t  a f f e c t  t h e  
p a r t i a l  p r e s s u r e s  o f  t h e  o t h e r  c o n s t i t u e n t s .  
Adjust ing the f low of  hel ium into the mass spectrometer  i s  necessa ry  s o  t h a t  
t h e  h e l i u m  p a r t i a l  p r e s s u r e  i n  t h e  i o n  pump w i l l  be maintained in  the range where 
s t a b i l i t y  pumping occurs .   This   l eve l  i s  i n   t h e   t o r r   r a n g e .  The Ultek  Divi-  
s ion  o f  Pe rk in -E lmer  has  been  ope ra t ing  one  o f  t he i r  d i f f e ren t i a l  spu t t e r ing  ion  
pumps con t inuous ly  s ince  1966 wi th  a hel ium pressure of  1 x 10-6 t o r r  w i t h  no 
degrada t ion  of  pumping speed .   The re fo re ,   a s sume   t ha t   ope ra t ion   a t   t h i s   l eve l   can  
be sa fe ly  ma in ta ined .  To a l low  the   sensor   to   sample   the   cab in   a tmosphere   under  
a l l  test  cond i t ions  was f o u n d  u n f e a s i b l e  w i t h  t h i s  r e s t r i c t i Q n  p l a c e d  upon t h e  
in s t rumen t .  In  pa r t i cu la r ,  t hose  pe r iods  du r ing  wh ich  the  cab in  w i l l  be p re s -  
s u r i z e d  t o  16 o r  20  p s i a  would  work a p a r t i c u l a r  h a r d s h i p  upon t h e  i o n  pump. 
S ince  these  pe r iods  a re  spec i f i ed  a s  non-ope ra t iona l  fo r  t he  senso r ,  exposure  o f  
t h e  i n l e t  t o  e n v i r o n m e n t s  i s  f e l t  u n n e c e s s a r y .  I n  t h i s  way p o t e n t i a l  i n s t a b i l i t y  
i n  t h e  i o n  pump due t o  e x c e s s i v e  h e l i u m  p a r t i a l  p r e s s u r e  w i l l  be e l imina ted .  
Closure w i l l  be accomplished by employing a pu l se  ope ra t ed  so leno id  va lve  ju s t  
ahead  of  the  leak. The va lve  w i l l  be ac tua t ed  by  a c o n t r o l  c i r c u i t  s e n s i n g  t h e  
hel ium  channel   output  of t he   s enso r .  When the  output   goes  above a preset  l e v e l  
the   va lve  i s  a c t u a t e d  t o  t h e  c l o s e d  p o s i t i o n .  The va lve  i s  re-opened by an  ex-  
t e r n a l  command, supp l i ed  when the excessive hel ium pressure has  been reduced.  
S ince  the  pump can  expe r i ence  h ighe r  he l ium pa r t i a l  p re s su res  fo r  sho r t e r  pe r inds  
of t ime, commanding the valve open i s  p o s s i b l e ,  a n d  i f  t h e  h e l i u m  p a r t i a l  p r e s s u r e  
i s  s t i l l  too  h igh  the  va lve  w i l l  s imply   rec lose .  The c losu re  l eve l  fo r  t he  he l ium 
p a r t i a l  p r e s s u r e  h a s  b e e n  t e n t a t i v e l y  set  a t  2.0 p s i a ,  33% above the nominal on- 
o r b i t  p r e s s u r e  of 1 .5  psia .  
When p u t  i n  o p e r a t i o n ,  t h e  pump i s  expec t  to  opera te  cont inuous ly  through the  
p re - l aunch ,   l aunch ,   a scen t ,   and   on -o rb i t   pe r iods .   In   t h i s  way, t he   necessa ry  
vacuum w i l l  be con t inuous ly  ma in ta ined  a long  wi th  the  c l ean l ines s  o f  t he  in t e rna l  
su r f aces .  This cond i t ion  would  be i n t e r r u p t e d  i n  t h e  c a s e  of  apower f a i l u r e .  
The p o s s i b i l i t y  of a  power f a i l u r e  f o r  P period of  up t o  18 seconds i s  descr ibed  
i n  t h e  power sys t em  spec i f i ca t ion .  The maximum expected  f low  ra te   ( for   example 
d u r i n g  s a m p l i n g  a i r  a t  1 4 . 7  p s i a )  i s  approximately 2 x 10-3 t o r r  c c / s e c .  The 
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estimated volume of the analyzer and ion pump is 250 cc. Therefore, in 18 seconds 
the pressure would increase 1.44 x 10-4 torr which would leave the pressure well 
below the maximum starting pressure of 10-2 torr. The pump can be started from a 
pressure of 1 x 10-3 torr with a load power of approximately five watts, provided 
that the anode voltage is reduced to 1 Kv. This is approximately the minimum 
voltage at which the ion pump will start, although the exact value depends upon 
the pressure and the gas composition. The voltage reduction acts in two ways to 
reduce the power required for starting since it also reduces the IIp ratios, 
thereby dropping the current requirements. The increased power would be required 
only for a short period of time since the analyzer would be rapidly restored to 
its normal operating pressure. 
ANALYZER SUBSYSTEM CONSIDERATIONS 
The discussions in the preceding sections have given an understanding of the 
elements of the analyzer subsystem. Fitting the pieces together to get a feeling 
for the overall system requirements i s now possible. The following discussion 
follows through the logic employed in determining values for the various system 
parameters. The values for these parameters are summarized in Table 4. 
The maximum helium partial pressure to which the mass spectrometer inlet will 
be exposed was set at 200 torr. Maximum helium partial pressure in the pump was 
established at 1 x 10-6 torr, based upon data described in the Pumping section 
above. Pumping speed requirements for helium and the other constituents were es-
tablished, based upon projected operation of the Two Gas Sensor ion pump which is 
currently under development. The following steady- state flow equations were then 
employed to find the maximum helium flow and inlet leak conductance: 
Q 
c 
o 
Q 
S P 
a 
Q/p 
o 
Volume flow (torr cc/sec) 
x = Pumpinf speed (cc/sec) 
Pa Analyzer pressure (torr) 
C Inlet leak conductance (cc/sec) 
o 
Po Sample inlet pressure (torr) 
These equations are, of course, valid for each of the partial pressures under 
consideration. From the conductance of the inlet leak for helium, conductance 
for the other constituents were computed using the relation: 
C 
o - M 
-112 
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TABLE 4. - ANALYZER SUBSYSTEM 
COMP SampLe Inlet Leak Source Pumping Sample Ana lyzer Ion DIFF RED. Ion Source Ion E lee trome teT Electrometer Post Signa 1 lU Opcf'ctablp PPl-! 
PRESS. Ccnduc tanee Conductance Speed Flow PRESS. Source PRESS. COEF SenaitLvi ty CUR. Resistor Output Vo 1 t.ge Amp ~('Iisc Rali., Corrf'sponding to (Torr) (cc/sec) (cc/sec) (cc/~ec) (Torr# (Torr) PRESS. Ratios (Amps/Tor r) (Amps) (Ohms) (max, ) Gain 1 x 10. 15 Signal. 
cc/sec) (Torr) Noi !'It> Amps 
P C C Q P P P Ip K 1+ 0 0 s . s . . 
max. Nom. max. max . NX. 
H2 i6 'UND 1.03 1.50 5.70 1.65 2.89 I. i3 39 2.57 1.2 I. 35 2 2.7 1.85 I. 35 30.0 
x 10-4 ? 3 x LO- 3 x LO- 8 x 10-6 x 10-2 x 10-6 x 10- 12 10 12 x 103 x La'" x LO 
c:J1 
-:] 
~O 20 UNO 3.43 4.99 3 . 00 6.86 2.30 1.41 61 1.64 1.05 1.48 2 4.8 1.04 1. .• 8 33.8 
x 10-6 x lOL x L03 x 10- 5 x 10- 7 x 10- 6 x 10. 2 x 10-6 x LO - 12 x L0 12 x 103 
N 200 180 2.75 4.00 3.0 5.5 1.83 1.40 76 1.32 1.5 2.10 2 4.16 1.20 2.10 23.8 2 
x 10-6 x 10 1 x to 3 x 10-4 x 10- 7 x 10- 5 x 10- 2 x 10-6 x 10- 11 x LOll x 104 
O2 200 180 2.57 3 . 74 2.LO 5.04 2.45 13.75 56.2 1. 76 1.13 1.55 2 3.10 1.61 1. 55 32 .• 
x LO- 6 x 10 1 x 103 x 10-4 x 10- 7 x 10-6 xl0-2 x LO- 6 x 10. 11 x lOll x 104 
CO2 20 UNO 2.21 3 . 20 3.00 4.42 1.47 1.40 95 1.05 1.65 2 . 31 2 4 . 62 1.08 2.31 21.7 
XI0- 6 x 101 x 103 x 10-5 x 10-8 x 10-6 x 10- 2 x 10-6 x LO- 12 x L012 x 103 
eH4 .36 UNO 3.64 5.28 3.00 1. 31 0.66 3.77 58 1. 70 1. 32 4.95 5 2.48 2.05 4.95 40.0 
x 10-5 x 10 1 x 103 x 10- 5 x 10-9 x 10-8 x 10- 2 x 10- 6 x lO-14 x 10 12 x LO- 1 x 10 x 10 
'UND • UNDETERMINED 
where M i s  the  molecu la r  we igh t  of t h e  component   under   considerat ion.   Note   that  
t he  conduc tances  wh ich  a re  ob ta ined  a re  eas i ly  ob ta inab le  by the  rough  ba l l  l eak .  
V a l u e s  f o r  t h e  i n l e t  p a r t i a l  p r e s s u r e s  f o r  a l l  c o n s t i t u e n t s  were e s t a b l i s h e d .  
I n  t h e  c a s e  o f  C 0 2  , CH4, H2, and 3 0 ,  e s t i m a t e d  v a l u e s  were used .  In  the  case  of 
He and 0 2 ,  v a l u e s  g i v e n  i n  t h e  o x y g e n  p a r t i a l  p r e s s u r e  a n a l y z e r  s p e c i f i c a t i o n  were 
used.  For N2 t h e  v a l u e  f o r  a i r  a t  1 4 . 7  p s i a  was s e l e c t e d  a s  t h e  maximum p a r t i a l  
p re s su re .  From t h e s e  p a r t i a l  p r e s s u r e s  v a l u e s  f o r  t h e  a n a l y z e r  p a r t i a l  p r e s s u r e s  
and  sample p a r t i a l  p r e s s u r e  f l o w s  were es t ab l i shed . .  
The conductance  of  the  ion  source  for  N was  assumed t o  be  40  cc / sec  a s  i n  
the   case   o f   the  Two Gas Sensor   ion   source .   gource   conductances   for   the   o ther  
gases   were  then  computed.   With  this   information,   the   ion  source  par t ia l   pressures  
can  be  ca lcu la ted  f rom the  fo l lowing  f low re la t ion :  
- ps S 
'a cS 
= 1 + -  
where Ps i s  t h e  i o n  s o u r c e  p a r t i a l  p r e s s u r e .  The va lues   wh ich   a r e   ob ta ined   fo r  
bo th  the  ion  source  and a n a l y z e r  p a r t i a l  p r e s s u r e s  a r e  l o w e r  t h a n  t h e  d e s i g n  
values   which were u t i l i z e d  f o r  t h e  Two Gas Senso r .  Th i s  has  th ree  s ign i f i can t  
r e s u l t s .  F i r s t ,  t h e  i o n  s o u r c e  w i l l  s u f f e r  no n o t i c e a b l e  e f f e c t s  due t o  i o n  
space   cha rge ,   t he re fo re ,  good l i n e a r i t y  w i l l  be   achieved.   Second,   the  analyzer  
p a r t i a l  p r e s s u r e  f o r  oxygen is  a t  such a  low l e v e l  t h a t  t h e  n e c e s s a r y  f i l a m e n t  
l i f e  i s  a s s u r e d .   T h e r e f o r e ,   t h e   p o s s i b i l i t y   e x i s t s   t h a t   t h e   r e d u n d a n t   f i l a m e n t  
and e l e c t r o n  gun assembly can be e l imina ted  the reby  g iv ing  a . lower  ion  source  con  
d u c t a n c e ,   a n d   i n c r e a s e d   d i f f e r e n t i a l  pumping. T h i s  p o s s i b i l i t y  w i l l  be g iven  
c a r e f u l   c o n s i d e r a t i o n .   T h i r d ,   t h e   i o n   s o u r c e   o u t p u t   c u r r e n t s   a r e   r e d u c e d  some- 
what  f rom the  des ign  leve ls  for  the  Two Gas Senso r  the reby  r equ i r ing  ampl i f i ca -  
t . ion of t h e  e l e c t r o m e t e r  o u t p u t  s i g n a l s .  
The v a l u e s  f o r  P s / P a  a r e  a l s o  t a b u l a t e d  a l o n g  w i t h  a set of r e d u c t i o n  c o e f -  
f i c i e n t s ,  K. T h e s e   c o e f f i c i e n t s   a r e   n o t h i n g  more than   t he   i nve r se  of t h e  d i f -  
f e r e n t i a l  p r e s s u r e  r a t i o  and r e p r e s e n t  t h e  r e d u c t i o n  o f  p r e s s u r e  e f f e c t s  i n  t h e  
ana lyze r  when they  a re  obse rved  in  the  ion  source .  In  equa t ion  fo rm:  
- dPs d s  
ps 
= -K -
S 
and 
where 
dPs/Ps = F r a c t i o n a l   c h a n g e   i n   s o u r c e   p r e s s u r e  
ds /S  = F r a c t i o n a l   c h a n g e   i n  pumping speed 
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dQ/Q = F r a c t i o n a l   o u t g a s s i n g   f l o w   i n   t h e  pump 
a n d  a n a l y z e r  r e g i o n  r e l a t i v e  t o  t h e  s a m p l e  
i n l e t  flow. 
From t h e  t a b u l a t e d  v a l u e s  n o t e  t h a t  i f  d s / S  and dQ/Q a r e  of moderate propor- 
t i o n s ,  t h e  e f f e c t s  i n  t h e  i o n  s o u r c e  w i l l  be  negl ig ib le .  In  the  case  of  he l ium,  
K i s  somewhat smal le r  and  the  accuracy  of  the  he l ium measurement  could  be  reduced .  
An ion   sou rce   s ens i t i v i ty   fo r   t he   A tmospher i c   Senso r   o f  1.5 x amps/ tor r  
f o r  n i t r o g e n  was  assumed  based  upon the performance of the Two Gas Sensor .  Sensi-  
t i v i t i e s  f o r  t h e  o t h e r  c o n s t i t u e n t s  were computed based upon r e l a t i v e  s e n s i t i v i t y  
da t a  g iven  by the  Amer ican  Pe t ro leum Ins t i tu te  and  cons idered  to  be  representa t ive  
of the  proposed  ion  source.  Some f l e x i b i l i t y  s h o u l d  be  noted i n  t h e s e  s o u r c e  
s e n s i t i v i t y  f i g u r e s  s i n c e  t h e  i o n i z i n g  e l e c t r o n  beam c u r r e n t  l e v e l  is a d j u s t a b l e .  
Higher levels can be u s e d ,  i f  n e c e s s a r y ,  i n  v i e w  o f  t h e  lower ion  source  p re s su re  
and   t he   l ower   oxygen   pa r t i a l   p re s su re   i n   t he   v i c in i ty   o f   t he   f i l amen t .  From the  
v a l u e s  f o r  i o n  s o u r c e  p a r t i a l  p r e s s u r e  a n d  i o n  s o u r c e  s e n s i t i v i t y ,  i o n  s o u r c e  o u t -  
p u t  c u r r e n t s  were computed using the relat ion:  
I+ = s Ps 
where 
I+ = Ion   sou rce   ou tpu t   cu r ren t  (amps) 
S = I o n   s o u r c e   s e n s i t i v i t y   ( a m p s l t o r r )  
Va lues  fo r  t he  e l ec t rome te r  ampl i f i e r  f eedback  r e s i s to r  were t h e n  s e l e c t e d  t o  
g i v e  o u t p u t  v o l t a g e s  a t  a r easonab le  l eve l .  A maximum r e s i s t o r  v a l u e  of  5 x 1012 
ohms was used  to  keep  the  e lec t rometer  impedances  a t  a s a f e  l e v e l  and  avoid  leak- 
a g e  e f f e c t s .  
Two ana lyzer  subsys tem tab les  were made t o  p r o v i d e  a n  i d e a  of the problems 
t o  be overcome. In  Tab le  3 t h e  s t a n d a r d  i n l e t  c o n d u c t a n c e  of 2.75 x 10-6  cc/sec 
f o r  n i t r o g e n  was used.   This   conductance  leads  to   an  analyzer   or  pump p res su re  of 
1.93 x 10-6   to r r   for   he l ium.   This   p ressure  i s  t o o  h i g h  f o r  t h e  3 l i t e r  pump t o  
handle .  The pump is capable   of   handl ing a he l ium  pa r t i a l   p re s su re   o f  less than  
1 x 10-6  torr .   Lowering  the  hel ium  source  pressure  to  1 x r e q u i r e s  a 
6 l i t e r / s e c  pump, o r  a r e d u c t i o n  i n  t h e  i n l e t  l e a k  c o n d u c t a n c e .  I n  T a b l e  5 ,  t h e  
leak  conductance i s  c u t  i n  h a l f .  N o t i c e  t h a t  t h e  i o n  c u r r e n t s  a r e  a l s o  c u t  i n  
h a l f .  
S igna l s  from t h e  CO and CHq d e t e c t o r s   d r o p   t o  0.45 x vol ts   and  0 .124 
v o l t s  r e s p e c t i v e l y .  The v o l t a g e s  a r e  n o t  i m p o s s i b l e  t o  work with because an ac-  
c u m u l a t o r  c e l l  i s  proposed  for  the  CO measurement  and t h e  CH4 reading  i s  s t i l l  
s e v e r a l  times above   the   no ise   l eve l   o f   about  10 m i l l i v o l t s .  I f  t h e  method  of 
r educ ing  the  in l e t  l eak  conduc tance  i s  no t  accep tab le ,  work  must  be i n i t i a t e d  i n  
producing a l a r g e r  i o n  pump. 
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SAMPLE INLET 
The mass spectrometer  system requires  a h i g h  o p e r a t i o n a l  i n t e r n a l  vacuum, a t  
l e a s t  2 x 10-4 t o r r ,  and  mus t  p rov ide  means f o r  a d m i t t i n g  t h e  g a s  t o  be sampled 
t o  t h a t  vacuum from  atmospheres  10  orders  of  magnitude  higher i n  p r e s s u r e .  T h i s  
is the  func t ion  of  the  sample  in le t  sys tem.  The r equ i r ed  p res su re  r educ t ion  must 
be  accompl ished  wi thout  d i s tor t ing  the  sample  and  must  cause  the  in te rna l  pressure  
t o  v a r y  l i n e a r l y  w i t h  t h e  e x t e r n a l  p r e s s u r e .  
I n  c o n v e n t i o n a l  mass  spec t romet ry  th i s  is  accomplished by one of two s t anda rd  
methods. The f i r s t  is  the expansion volume t echn ique  in  wh ich  a port ion of  sample 
i s  expanded t o  a lower pressure which i s  t h e n  s u i t a b l e  f o r  s a m p l i n g  by a molecular  
leak.  The conductance  of a molecular   l eak  i s  independent   o f   to ta l   sample   p ressure ,  
f low through the leak a t  a r a t e  de t e rmined  by t h e i r  d i f f e r e n t i a l  p a r t i a l  p r e s s u r e s .  
Molecular flow i s  obta ined  when t h e  mean f r e e  p a t h  o f  t h e  g a s  on the  h igh  s ide  o f  
t h e  l e a k  i s  grea te r  than  the  leak  d iameter  by  approximate ly  a f a c t o r  of t h r e e .  . The 
expansion volume technique is no t  con t inuous  in  na tu re  and the re fo re ,  o the r  me thods  
must  be  used. 
The v i scous  f low p res su re  d iv ide r  i s  commonly employed  and i s  the technique 
used  for   sampling  on  the Two Gas Sensor .   With  this  method the  sample  passes 
through a long   t ubu la r   channe l   i n  which t h e r e  i s  viscous  f low.  The diameter  of 
the channel  i s  much l a r g e r  t h a n  t h e  mean f r e e  p a t h  of t he  gas  and r e s u l t s  i n  a 
flow  mechanism i n  which the f low rate  i s  n o t  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  p r e s s u r e  
d i f f e r e n c e ,  a n d  e a c h  p a r t i a l  p r e s s u r e  h a s  a n  e f f e c t  upon the  bulk  f low.  A t  an  
a p p r o p r i a t e  p o i n t  on the  l i ne ,  where  the  p re s su re  is  s u f f i c i e n t l y  r e d u c e d ,  t h e  
sample i s  exposed t o  a molecular   l eak .   This   approach   has   the   fea ture   tha t   the  
c a p i l l a r y  l i n e  l e n g t h  a l l o w s  t h e  s a m p l i n g  p o i n t  t o  be well removed from the mass 
spec t romete r ,   wh i l e   p rov id ing  i t s  own sample  t ransport   technique.   This  method 
a l s o  r e q u i r e s  a pumping  media a t  t h e  end  of  the  viscous  l ine.   While  the  f low 
th rough  the  l i ne  i s  small  i n  terms of t h e  q u a n t i t y  of gas  consumed ( l e s s  t h a n  
0.5 pounds i n  120  days) ,   f low i s  s i g n i f i c a n t  i n  t e r m s  of pump capac i ty .  A mechani- 
ca l  rough  pump o r  c r y o g e n i c  s o r p t i o n  pump i s  genera l ly  employed .  For  an  appl ica-  
t i o n  s u c h  a s  MOL, t h e  p o s s i b i l i t y  e x i s t s  t h a t  :he necessa ry  pumping  mechanism can 
be  obtained by v e n t i n g  t h e  end of t h e  c a p i l l a r y  l i n e  t o  o u t e r  s p a c e .  This would 
r e q u i r e  a c c e s s  t o  a  vacuum l i n e  w i t h  a p re s su re  of about 10  microns  and a l a r g e  
conductance. A l s o  worth   no t ing  is  tha t   t he   s ample   t r anspor t  times o b t a i n a b l e   w i t h  
a v i scous  f low sample  in le t  sys tem are  compat ib le  wi th  the  time response  requi re -  
men t s  fo r  t h i s  i n s t rumen t .  
Log ic  d i c t a t e s  s eek ing  a technique by which the sample can be cont inuously 
and d i r e c t l y  a d m i t t e d  t o  t h e  mass  spec t romete r  w i thou t  r e so r t ing  to  aux i - l l a ry  
pumping  mechanisms. A direct  sampling system must  be accomplished  by  the  use o f  
a d i rec t  molecular  leak  s ince  the  l inear  re la t ionship  be tween sample  and  ion  source  
pressures   must   be  maintained.  The basic   requirement  i s  f o r  a l e a k  w i t h  c r o s s -  
sec t iona l  d imens ions  less than  the  mean f r e e  p a t h  o f  t h e  g a s  i n  t h e  s a m p l e  e n v i r o n -  
ment.  For  oxygen a t  3.5 p s i a ,   t h i s   c o r r e s p o n d s   r o u g h l y   t o  2.8 x mm. Since  
l i n e a r  f low is main ta ined  well i n t o  t h e  t r a n s i t i o n  r e g i o n ,  d i m e n s i o n a l  r e q u i r e m e n t s  
f o r  t h e  l e a k  a r e  somewhat la rger  than  g iven  above .  
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Perkin-Elmer Aerospace Systems has  s tudied several  techniques for  manufactur-  
ing  molecular  leaks  which  w i l l  perform a t  normal ambient pressures.  A type known 
a s  a rough  ba l l  l eak  is  c u r r e n t l y  u n d e r  i n v e s t i g a t i o n .  B a s i c a l l y , t h i s  l e a k  is  ob- 
t a i n e d  by p r e s s i n g  a r o u g h  s t a i n l e s s  s tee l  b a l l  a g a i n s t  a c i r c u l a r  k n i f e  e d g e  s e a t .  
By a d j u s t i n g  t h e  p r e s s u r e  on t h e  b a l l  l e a k ,  t h e  c o n d u c t a n c e  c a n  be va r i ed  ove r  a 
wide  range. A p e r f o r m a n c e  c u r v e  f o r  a n  e a r l y  v e r s i o n  o f  t h i s  l e a k  is  shown i n  
F igu re   21  . The l e a k  is  p r e s e n t l y  u n d e r g o i n g  e v a l u a t i o n ,  a f t e r  some des ign  re-  
f i n e m e n t s ,  i n t e n d e d  t o  i m p r o v e  a d j u s t a b i l i t y  a n d  t e m p e r a t u r e  c h a r a c t e r i s t i c s .  
The r o u g h  b a l l  l e a k  w i l l  g ive  con t ro l l ed  conduc tance  in  the  10-7 cc / sec  r eg ion ;  
more than  a decade less t h a n   t h e - v a l u e   r e q u i r e d   f o r   t h i s   a p p l i c a t i o n .   T h i s   m a r -  
g in  shou ld  a id  in  a s suming  s t ab le  ope ra t ion  a t  t he  expec ted  conduc tance  l eve l s .  
A cross-sec t ion  drawing  of  the  ba l l  l eak  assembly  i s  shown i n  F i g u r e  22. 
One of the  impor tan t  aspec ts  of  sample introduct ion is  main ta in ing  a c o n s t a n t  
i n l e t  l eak  conduc tance  aga ins t  poss ib l e  con tamina t ion  e f f ec t s .  Th i s  can  on ly  be 
accompl ished   wi th   the   a id  of a p p r o p r i a t e  f i l t e r i n g .  Due to   the  small   d imensions 
of  the  leak ,  a f i l t e r  hav ing  co r re spond ing ly  sma l l  d imens ions  i s  n e c e s s a r y  t o  p r e -  
vent  admiss ion  of  par t ic les  capable  of  p lugging  or  otherwise changing the con- 
ductance  of   the  leak.  The e x i s t i n g  b a l l  l e a k  now u n d e r  t e s t  employs a s i n t e r e d  
s t a i n l e s s  s t e e l .  f i l t e r  w i t h  a 0.5 micron-mean  pore  diameter .   Sintered  s i lver  
f i l t e r s  a r e  a v a i l a b l e  w i t h  mean pore  d i ame te r s  down t o  0.2  micron.  Furthermore, 
due t o  t h e  l a r g e  l e n g t h  t o  d i a m e t e r  r a t i o s  (250 f o r  t h e  s i n t e r e d  s i l v e r  t y p e ) ,  
t h e y  c a n  r e l i a b l y  s t o p  p a r t i c l e s  o f  s m a l l e r  s i z e  t h a n  t h e  mean d iameter .  The 
m e t a l  f i l t e r s  a r e  p r e f e r a b l e  s i n c e  t h e y  c a n  be permanently  mounted t o  t h e  l e a k  
assembly  and  can  survive  decontaminat ion  bakeout   temperatures .   Finer   cel lulose 
ester f i l t e r s  a r e  a v a i l a b l e  and could  be  used i f  n e c e s s a r y .  
The rough  ba l l  l eak  w i l l  be undergoing cont inued invest igat ion and develop- 
ment du r ing  the  mon ths  ahead  and  shou ld  ach ieve  r e l i ab le  f l i gh t  s t a tus  ove r  t h i s  
per iod   of   t ime.   Therefore ,   th i s   device  i s  proposed t o  be  mployed a s  the d i r e c t  
sample i n l e t  t e c h n i q u e  f o r  t h e  CAS System. 
ACCUMULATOR  CELL AND VALVES 
The components r equ i r ed  fo r  ca rbon  monoxide d e t e r m i n a t i o n  a r e  an  accumu- 
l a t o r  c e l l ,  a p r e s c r u b b e r  c e l l ,  t h r e e  two-way s w i t c h i n g  v a l v e s ,  a v a l v e  a c t u a t o r ,  
and   the   necessary  power s u p p l i e s  f o r  t h e  c e l l  h e a t e r s  a n d  v a l v e  a c t u a t o r .  The 
accumulator and prescrubber ce l l  w i l l  be made f rom th in  Nichrome V t ub ing  
(118" O.D. m i l  w a l l ) .  T e n t a t i v e l y  assume t h a t  a tube s i x  i n c h e s  i n  l e n g t h  w i l l  
be  adequate  to  re ta in  carbon monoxide under  the ant ic ipated operat ing condi t ions.  
The ex te r io r  su r face  o f  t he  tube  will be in su la t ed  to  min imize  power r e q u i r e -  
ments   during  heat ing.  The ends  of  the  tube w i l l  be   i so la ted   f rom  the   swi tch ing  
va lve  and ba l l  l eak  wi th  ceramic  washers .  Sorbents  w i l l  be r e t a i n e d  i n  t h e  t u b e  
wi th  smal l  p lugs  of glass   wool .  A t u b e  s e c t i o n  i s  shown i n  F i g u r e  23. 
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Tube Sec t ion  
Three four-way switching valves provide the necessary plumbing to permit  
sampling and desorption  of  carbon  monoxide.  These  valves  are  ganged  on a s i n g l e  
s h a f t  s o  that  a l l  three  are  ac tuated  s imul taneous ly .  The flow  pattern  schematic 
i s  shown in  Figure  24. 
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Flow Pattern Schematic 
65 
S u i t a b l e  c o m m e r c i a l l y - a v a i l a b l e  v a l v e s  o f  t h i s  t y p e  a r e  made o f  s t a i n l e s s  s t ee l  
w i t h  t e f l o n  compound sea l ing   su r f aces .   These   a r e   t yp ica l ly   ope ra t ed   unde r   con -  
s i d e r a b l e  t e n s i o n  t o  m a i n t a i n  l e a k - f r e e  p e r f o r m a n c e  u n d e r  a l a r g e  p r e s s u r e  d i f -  
f e r e n t i a l .  S i n c e  o n l y  low p r e s s u r e  g r a d i e n t s  a r e  e n c o u n t e r e d  i n  t h i s  a p p l i c a t i o n ,  
less t e n s i o n  t o  r e t a i n  t h e  v a l v e  s e a l s  may be  poss ib l e .  Also ,  the  use  of l i g h t e r -  
w e i g h t  m a t e r i a l s  f o r  t h e  v a l v e  may be cons idered .  
Valve  pos i t ions  w i l l  be changed with a s o l e n o i d  d e v i c e  d e s i g n e d  f o r  t h i s  p u r -  
pose. A l a t c h i n g  mechanism w i l l  be employed t o  minimize power consumption. 
Heater  power w i l l  be supp l i ed  by n i c k e l  cadmium c e l l s  w h i c h  w i l l  be t r i c k l e  
charged from the main 28Vdc power supply through a DC/DC conver t e r .  
A mechanical  t iming device w i l l  be  employed t o  c o n t r o l  t h e  s e q u e n c e  of opera- 
t ions  which  inc ludes  swi tch ing  the  va lve  to  he l ium purge  pos i t ion ,  tu rn ing  the  
heater  on,  and switching the valve back t o  the  sampl ing  pc , i t i on .  
The b a l l  l e a k  w i l l  be provided with a d i sc - type  co l l a r  t h rough  which  the  gas  
sample  flows. A sma l l  pump w i l l  be used  to  pump the  atmospheric  gas  sample  through 
the  va lves  and  the  so rben t  ce l l s .  
The helium  supply w i l l  be  conta ined  in  a s t a i n l e s s  s tee l  p r e s s u r e  v e s s e l .  A 
pressure  reducing  d iaphragm regula tor  w i l l  be used  to  ma in ta in  cons t an t  de l ive ry  
p re s su re .  The f l o w  r a t e  w i l l  be c o n t r o l l e d  by  a c a p i l l a r y  r e s t r i c t i o n  i n  t h e  l i n e .  
I O N  SOURCE 
The ion  source  of  a  mass spec t rometer  per forms the  fo l lowing  func t ions :  
(1)  Receives  sample  gas  from  the  sample  inlet   system 
(2)  Provides a  means f o r   i o n i z i n g   t h e   s a m p l e .  
(3) Acce le ra t e s   and   focuses   t he   r e su l t i ng   i ons   i n to  a beam which is then  
projected toward the magnet ic  sector  where a p o r t i o n  of t h e  beam passes  
through the  objec t  s l i t  and  en te r s  t he  r e so lv ing  r eg ion .  
In  per forming  these  func t ions  the  ion  source  must  meet s e v e r a l  i m p o r t a n t  c r i t e r i a :  
(1) The ou tpu t  i on  cu r ren t  f rom the  sou rce  mus t  va ry  l i nea r ly  wi th  the  p re s -  
s u r e  i n  t h e  i o n  s o u r c e .  
(2) The i n t e n s i t y  of i o n  c u r r e n t  coming from the ion source must  be suf-  
f i c i e n t  t o  a c h i e v e  t h e  d e s i r e d  d e t e c t i o n  l e v e l s  f o r  t h e  v a r i o u s  
c o n s t i t u e n t s .  
(3) The divergence,  energy,  and energy spread of  the i o n  beam must  be com- 
pa t ib l e  w i th  the  r equ i r emen t s  o f  t he  magne t i c  s ec to r  t o  ach ieve  the  
necessa ry  r e so lv ing  power. 
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(4) The i o n  s o u r c e  m u s t  m a i n t a i n  t h e  a b o v e  c h a r a c t e r i s t i c s  c o n s i s t e n t l y  a n d  
r e l i a b l e  f o r  the requ i red  pe r iod  o f  ope ra t ion .  
The proposed ion source i s  e s s e n t i a l l y  t h e  same one a s  i s  u s e d  i n  t h e  p r e s -  
e n t  Two Gas Sensor  System.  The  source is  a d u a l  f i l a m e n t ,  e l e c t r o n  bombardment, 
nonmagnet ic   type.   This   type  of   source was s e l e c t e d  f o r  s e v e r a l  r e a s o n s .  
The e l e c t r o n  bombardment type of ion source employing a thermionic  emitter 
e l e c t r o n  s o u r c e  i s  the  most  convent iona l ,  well  unders tood ,  and  most  sens i t ive  
type of ion source and was s e l e c t e d  e a r l y  i n  t h e  %o Gas Sensor development pro- 
gram a s  m o s t  l i k e l y  t o  r e s u l t  i n  s u c c e s s f u l  f l i g h t  i n s t r u m e n t a t i o n .  The a v a i l -  
a b l e  r e l i a b i l i t y  d a t a  on thermionic  emitters, o p e r a t i n g  u n d e r  t h e  p r o j e c t e d  f l i g h t  
environments ,  caused Aerospace Systems to  choose the dual  f i laments  approach for  
redundancy.   Since  that  time more d a t a  on f i laments   have  been  gathered,   and  there  
may be j u s t i f i c a t i o n  f o r  u l t i m a t e l y  r e v e r t i n g  t o  a s i n g l e  f i l a m e n t  s o u r c e ,  i f  
t h i s  would be advantageous. 
Test   f i laments   have  been  operated  for  4,680 h o u r s  w i t h o u t  f a i l u r e .  A new 
tungsten-rhenium al loy (97% W - 3% Re) has  demonstrated superior  prope/r t ies  with 
r e s p e c t  t o  i n c r e a s i n g  f i l a m e n t  r e s i s t a n c e  w i t h  a g e  and has  been incorporated in-  
t o  t h e  c u r r e n t  d e s i g n .  M o d i f i c a t i o n s  i n  t h e  s a m p l e  i n l e t  and  pumping system w i l l  
l e a d   t o   r e d u c e d   p r e s s u r e s   i n   t h e   a n a l y z e r ,   g r e a t l y   i n c r e a s i n g   f i l a m e n t   l i f e .   I n  
tests on 3 m i l  diameter (which i s  t h e  s i z e  c u r r e n t l y  u s e d )  t u n g s t e n - r h e n i u m  a l l o y  
f i lament  per formed a t  lower  pressures ,  the  f i lament  opera ted  for  4,000 hours  wi th  
v e r y   s l i g h t   c h a n g e s   i n   t h e   c h a r a c t e r i s t i c s .   T h e r e  i s  t h e r e f o r e   e v e r y   r e a s o n   t o  
b e l i e v e  t h a t  a d d i t i o n a l  tests w i l l  d e m o n s t r a t e  t h e  r e l i a b i l i t y  of t he  f i l amen t  
su f f i c i en t ly   t o   a l l ow  e l imina t ion   o f   r edundancy .  A t  t h a t  time the   mod i f i ca t ion  
could   be   readi ly  made.  The chief  advantage  of  el iminating  one of t h e  f i l a m e n t s  
i s  t h e  e l i m i n a t i o n  of t h e  e l e c t r o n  beam ent rance  apera ture ,  thereby  lower ing  the  
ion  source  conductance.  The advantages of a lower  ion  source  conductance  are  
d i s c u s s e d  l a t e r  i n  t h i s  s e c t i o n .  
Establishment of t he  dua l  f i l amen t  approach  l ed  to  a p a r t i c u l a r  c o n f i g u r a t i o n  
f o r   t h e   i o n   s o u r c e .  The most   feasible   arrangement   determined  for   the  f i laments  
was t o  p l a c e  them i n  s e p a r a t e  e l e c t r o n  g u n s  and  mount  hem a t  r i g h t  a n g l e s  t o  e a c h  
o t h e r  w i t h  t h e  e l e c t r o n  beams e n t e r i n g  a common i o n i z i n g  r e g i o n ,  l e a d i n g  t o  a re- 
quirement  that   the  ion  source  be  nonmagnetic.   In  the  nonmagnetic  ion  source  the 
e l e c t r o n  beam i s  f o c u s e d  e n t i r e l y  by e l e c t r o s t a t i c  f i e l d s ,  p r o v i d i n g  a d i s t i n c t  
advantage by el iminat ing mass discr iminat ion which would resul t  f rom a magnetic 
f i e l d  e x i s t i n g  i n  t h e  i o n  s o u r c e .  T h i s  f a c t o r  becomes i m p o r t a n t  i n  t h i s  t y p e  of 
instrument  where s imultaneous monitor ing of  heavy  and l i g h t  c o n s t i t u e n t s  i s  con- 
templated.  The nonmagnet ic   feature  i s  important  because  hydrogen i s  t o   b e  
measured. 
The opera t ing  charac te r i s t ics  of  the  ion  source  have  been  demonst ra ted  in  
r e p e a t e d  t e s t i n g .  The s e n s i t i v i t y  of t he   sou rce  i s  between 1 and  1.5 x 
amps/ torr .   This  i s  a f a c t o r  o f  2 t o  3 g r e a t e r  t h a n  t h e  o r i g i n a l  d e s i g n  v a l u e  
a n d  a l l o w s  c o n s i d e r a b l e  f l e x i b i l i t y  i n  a d a p t i n g  t h e  s y s t e m  t o  v a r i o u s  a p p l i c a t i o n s .  
The l i n e a r i t y  of t he  ion  source  ou tpu t  w i th  p re s su re  has  a l so  been  e s t ab l i shed .  
A t y p i c a l  l i n e a r i t y  r u n  i s  shown i n  F i g u r e  25. I n  o r d e r  to m a i n t a i n  l i n e a r i t y ,  
ma in ta in ing  the  sou rce  p re s su re  below approximately 2 x 10-4 t o r r  i s  e s s e n t i a l ,  
t h e r e b y  a v o i d i n g  e f f e c t s  due to  ion  space  cha rge .  
c 
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FIGURE 25 
Typical Linearity Run 
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For the y o p o s e d  a p p l i , c a t i o n  t h e  qqqce p r e w q r e  w $ , $ l  be !w$nfa+ngd vqt1. 
below E x 1 0 -  t o r r  by the  inc luq ion  of gn i,w pulp?. The cqmpaSib$liSy of $he. 
qource with the magnet4c peqtor i n  terns a4 beqrn diveyggnss and $on eqeergy s ~ r e j a d  
i s  v e r i f i e d  by  the  reso lu t iqp ,  ob ta ined  as  ds raons t raqed  $n fhr ;  precedipa yect ton 
The r e l i a q i y i t y  a n d  S t a b j l i t y  gf the i o q  ppurce have peen demonsqrated Q V ~ P  
@any  hourg of t e s t i n q .  T h l s  t e s t i n g  hag inCludad ghq fqncCh?naI  tea t fng  Qf n$qe 
ion sources  a t  Perkin-Elmer Aerospace Systems,  acliPrafiop tcrfifiqg Q$ a mgsp 
specfirmeter f o r  t h e  OGO-F s a t e l l i t e  a t  the Space phys ics  LpborafQry o f  the 
Un$versi ty  of Michigan, qnd the  69-day space w b q n  slmulat;or &st a t  M~Qonnell. 
Douglas  Aircraf t  Company, 
T 
In  egamjning  an  ion  source ,  i t  i s  p o s s i b l e  tQ rden t i fy  , s eve ra l  pq teqe ia l  
f a i l u r e  modes. m r i n g  t h e  g e s i g n  of th is  ion  source  each  of t hese  was q a r e f u l l y  
examined  and s t e p s  were taker) t p  prevent  the i r  occur rence .  Suyface  charge  up has 
beeq  e l imina ted  as  a qpurce of i n s t a b i l i t y  by comb4nation of effort$ which C$i€tfly 
o c c u r s  a t  s u r f a c e s  u n d e r  e l e c t r o n  bombardment, for eyample,  bhrough  regucing fbs 
number  of su r f aces  r ece iv ing  g l ec t ro r )  Qpmbardment t o  a rnpnimwn propen focuqipg Qf 
t h e  e l e c t r o n  beam. The anode  spr fqca  rece ivqng the  Font ro l l ing  ioq ie ing  cur reqp  
was loca ted  outsfde of t he  i , on iz ing  r eg jon  where  pos i t i ona l  s t ab i l i t y  of t;he 
e l e c t r o n  beam i s  required.   Contaminat ion would  a1qo be sqspeSt .   Carefu l  prep- 
a r a t i o n  and cleaning of a l l  i on  source  su r faces  a s su res  cha t  t hey  w i l l  be free 
of contaminat ing   mater ia l s .  The 6Q-dqy tes t  a t  Mcaonnell Dqqglas demonstrefad 
tha t  con tamina t ion  from the  sample gas i t s e l f  i s  not  a Fpurce of coqcerq. Tpc: 
amode s u r f a c e  on t h e  e l e c t r o n  gun which was operated foa  over 2Q days spored no 
v i s ib l e  coq tamina t i cm.  
Another  impor tan t  fao tor  i n  the  des ign  iff t h e  p o s j t ; i o n a l  s t a b i l i t y  of  t he  
e l e c t r o n  beam. S tud ie s  of t h i s  a r ea  have  been, conducted i n  wh+ch  thp position 
of  the   f i l amep t  was yiewed  during  operat ion,  That $he  fslament moves i n i f i a q l p  
B f t e r  t u r n  on was nofed bun no fu r the r  mot ion  occurq .  ,4n e l e c t r o n  gun qas Peep 
operated cont inuously and w i t h  cyc led  ope ra t ion  fo r  a period j,n eyoeqs pf one 
year   and  demonstrated  consis teqt   operat ion.   Regulat ion of only g h a t  p a r t  of  the 
e m i s s i o n  c u r r e n t  r e a c h i n g  t h e  a n o d e  a l l o w s  s l i g h t  f l u c t u q t i p p s  i n  the qeqrce 
c h a r a c t e r i s t i c s  w i t h p u t  a f f e e c i n g  s t a b i l i t y .  The n e t  r e g u l t s  qf these f a q t g r s  Ca 
a n  i o n  s o u r c e  w i t h - e x t r e m e l y  s t a b l e  c h a r a c t e r i s t i c s .  
Another arga whish has  been  g iven  qq re fv l  a t t en t ion  i q  t h e  p o s q i h i l i t y  of 
shor t s  occur r ing  be twsgn fha i o n  s o u r c e  e l e c t r o d e s ,  mqimum  CIearqnFes were de- 
signed  between a l l  e l ec t rodes .  R ig id  c l ean ing  Rrocgdures  and the vge of PPN~)@&T 
n e t i c  e l e c t r o d e s  e l i m i v a t e  t h e  p o s s i b i l , i t y  of cqntamipat ion caus$.ng shoq t s .  
parFs  are  deburred  and  electyopolished  and  Carefully  jqkspepted. praugh t hgse  
p recaus t iqns  no ,shorts  have pccurred dbring tept ing of t he  nise, ion sourceg. 
These Sacbors aqe mentioned prAmarily as a demonstrat$on o f  the  thorough 
des ign ,  test and process qpntrgl iwplemsnted to develop tbq mass 6pectroyeter  
from a l a b o r a t o r y  i n s t r u m e q t  i n f o  a r e l q a b l e  system f o r  manqeq ?pace f l igbq 
a p p l i c a t i o n s .  
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An impor , tan t  fea ture  of  the  ion  source  des ign  i s  l imi t ed  conduc tance  to  the  
rest of  the  ana lyzer .  . This causes  a p re s su re  d i ' f f e rence  to  ex i s t  be tween  the  ion  
source  and t h e  rest o f  ' t h e  a n a l y z e r .  T h i s ' d i f f e r e n t i a l  p r e s s u r e  r a t i o  i s  impor- 
t a n t  i n  a c h i e v i n g  a n a l y t i c a l '  a c c u r a c y " f o r  t h e  i n s t r u m e n t  s i n c e '  t h e  r a t i o  r e d u c e s  
e f f e c t s  o f  s ample  in t e rac t ion  a t  t he  . f i ' l amen t  and  va r i a t ions  in  the  pumping  speed 
of   the pump system. The ion   source   has  a c o n d u c t a n c e  f o r  a i r  of approximate ly  
40 cc/sec which will g ive  a d i f f e r e n t i a l  p r e s s u r e  r a t i o  o f  5 0 ' w i t h  a 2 l i t e r l s e c  
pumping system.  With t h i s  p r e s s u r e  r a t i o  a n y  v a r i a t i o n s  a s  m e n t i o n e d  a b o v e  w i l l  
be reduced by 50: l  s o  t h a t  t h e ?  w i l l . n o t  be ' s i g n i f i c a n t  i n  d e t e r m i n i n g  t h e  a c -  
curacy  of t he  in s t rumen t .  
MECHANICAL ,DESIGN AND PACKAGING 
The fol lowing paragraphs '  descr ibe the proposed approach to  the packaging of  
t he   ana ly t i ca l   sys t em.  The envelope  of  the  system is  shown i n  F i g u r e  2 6 .  A p r e -  
l i m i n a r y  w e i g h t  a n a l y s i s  i n d i c a t e s  a t o t a l  w e i g h t '  n o t  t o  e x c e e d  15 pounds plus 
less t h a n  4 pounds  f.or the accumulator subsystem. A .weight  program w i l l  be 
i n i t i a t e d  a t  t h e  b e g i n n i n g  of t h e  program and main ta ined  for  the  dura t ion  of  the  
c o n t r a c t  i n  o r d e r  t o  a t t a i n  minimum system weight.  . .  . 
A s t r u c t u r a l .  and dynamic ana1,ysis w i l l  be  performed to  assure  posi t ive mar-  
g i n s  of s a f e t y  and a l s o  t o  i n d i c a t e  a r e a s  f o r  w e ' i g h t  r e d u c t i o n  w h e r e  m a r g i n s  o f  
s a f e t y  a r e  more than  r equ i r ed .  
System  package. - An exploded view of  the package i s  presented  in Figure  27.  
The enc losu re  ,is an a1,uminum ,cas t ing  wi th  mount ing  b locks ,  f langes ,  and  s tandoffs  
t o  mount t he .  ana lyze r  ,'. magnet s t r u c t u r e ,  i o n  pump, and e lec t ronics  modules .  A t -  
t achment  of  the  e lec t ronics  modules  to  the ,  cas t ing  minimizes  the  in te rna l  thermal  
r e s i s t a n c e  of the  mount ing  sur face .  
A cover .  p la te  i s  mounted t o  t h e  e n c l o s u r e  c a s t i n g  and moi s tu re  sea l ed  by  a 
gaske t .   Re inforc ing   braces  and s t i f f e n e r s   a r e  added to   t he   enc losu re .   Moun t ing  
f ee t  o r  pads  a re  p rov ided  on the  ou t s ide  wa l l s  o f  t he  enc losu re .  The l o c a t i o n  o f  
t h e  s a m p l e  i n l e t  p o r t s  and c o n t r o l s  a r e  o p t i o n a l ' .  
The heaviest  components ,  such as  the magnet  and the ion pump, a r e  r i g i d l y  
mounted t o  t h e  e n c l o s u r e  i n  t h e  c e n t e r  of g rav i ty  p l ane  and  c lose  to  the  moun t ing  
f e e t   t o  min!mize y i b r a t i o n  ' and  shock  sens i t iv i . ty .  
Inlet ' :  ieak assembly 'and mount%.- 'A t yp ica l  Pe rk in -E lmer  in l e t  l eak  is  
shown i n  F i g u r e  28. The i n l e t  l e a k  c o n s i s t s  d f  a b a l l  r e t a i n e r  a s s e m b l y ,  d i f -  
f e r e n t i a l  d r i v e  s c r e w  a r r a n g e m e n t ,  f i l t e r  a s s e m b l y :  h o u s i n g , .  a n d  c o n n e c t i n g  t u b e .  
The b a l l ,  i n  , t h e  b a l l  r e t a i n e r  a s s e m b l y ,  i s  he ld  aga ins t  the  kni fe  edge  of  the  
s e a t  by t h e  s p r i n g  t e n s i o n  o f  a diaphragm;which i s  welded t o  t h e  r e t a i n e r .  T h i s  
assembly is  secu red  in '  t he  hous ing  by a s p e c i a l  se t  screw and sealed by a gold  
gaske t .  The d i f f e r e n t i a l   s c r e w   a r r a n g e m s n t  is des igned   fo r  minimum l o n g i t u d i n a l  
t r a v e l  t o  t u r n  r a t i o ,  p r o v i d i n g  a d j u s t m e n t  f o r  a spec i f ic   molecular   f low.  The 
f i l t e r  assembly provides a f i l t e r i n g  c a p a b i l i t y  o f  0 . 1  t o  0 . 5  m i c r o n  p a r t i c l e  
s i z e .  
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FIGURE 26 
Analylical Syslem Envelope Packaging 
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FIGURE 27 
Contaminant Atmospheric Sensor Analyzer Assembly 
(Sheet 2 of 2 )  
L _____ _ 
FIGURE 28 
Typical Inlet Leak 
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Sample i n l e t  l i n e s  a r e  welded in to  the  l eak  hous ing  and  connec ted  to  the  
s y s t e m  e n c l o s u r e  i n l e t  p o r t s .  The ports  can be connected to  an accumulator  sub-  
system. The l e a k  i s  mounted to  an analyzer  mounting boss  and sealed by a gold 
gaske t  . 
Ion  source  assembly.-  The ion   sou rce  is shown i n  F i g u r e  29 . An exploded 
view of  the ion source i s  p r e s e n t e d  i n  F i g u r e  30 . The ion source propdsed has  
been used successful ly  in an  in s t rumen t  fo r  NASA/Langley Research Center under 
c o n t r a c t  NAS 1-6387. The des ign  pe rmi t s  t he  ion  source  to  be  completely  assembled 
and then al igned under  a t r a v e l i n g  m i c r o s c o p e  b e f o r e  i n s t a l l a t i o n  i n  t h e  a n a l y z e r  
housing. A l l  o f  t he  ion  source  pa r t s  a r e  go ld  p l a t ed  to  min imize  secondary  emis- 
s i o n  and su r face   i n t e rac t ion   p rob lems .  The cons t ruc t ion   embodies   loca t ing   counter -  
bo res  th roughou t  t o  ob ta in  loca t ion  of t he  e l ec t ron  guns ,  and  the  ion  focus ing  
system. The f i l amen t s  a re  tungs t en - rhen ium a l loy  wire mounted  on  f i lament  posts 
and spr ing tensioned with a t h i n  s t r i p  o f  s i m i l a r  r i b b o n  m a t e r i a l .  T e n s i o n i n g  i s  
r equ i r ed  to  ho ld  the  f i l amen t s  i n  pos i t i on  because  of thermal  expansion during 
opera t ion .  The z-axis   focus  assembly i s  a s p l i t  assembly  which w i l l  a l low the  
i o n  beam t o  be d e f l e c t e d  i n  t h e  e v e n t  of misalignment.  
Analyzer  envelope  and  interfaces.-  An exploded  view  of  an  analyzer,   devel-  
oped f o r  NASA/Langley Research Center,  i s  shown i n  F i g u r e  31. 
The ana lyzer  hous ing  provides  a vacuum-tight chamber, housing the ion source 
and c o l l e c t o r  a s s e m b l i e s  and   provides   an   in te r face   wi th   the   in le t   sys tem.  The 
hous ing  cons i s t s  of  a cy l ind r i ca l  i on  source  hous ing  and  a f l a t - s i d e d  c u r v e d  s e c -  
t i on   hous ing  the col lec tor   assembly .  They a r e   j o i n e d  by i n e r t   a r c   w e l d i n g .  The 
hous ing  mater ia l  i s  304 s t a i n l e s s  s tee l  which  has  good vacuum p r o p e r t i e s ,  i s  
nonmagnetic,  and i s  weldable .   E l imina t ion  of heavy  f langes  in   the  envelope i s  
accomplished by w e l d i n g  t h e  e n t i r e  f i n a l  a s s e m b l y  a f t e r  t e s t ,  which improves the 
r e l i a b i l i t y  by o m i t t i n g  g a s k e t  s e a l s  and  decreases   the  weight .  The ion  pump i s  
welded  to   the  end-of- the-source  housing.  The e n t i r e   h o u s i n g ,  when s e a l e d ,  i s  
bakeab le  to  ove r  300°C i n  o r d e r  t o  o u t g a s  t h e  i n t e r n a l  s u r f a c e s .  
Vo l t ages  a re  in t roduced  to  the  ion  source  by the  use  o f  t h ree  n ine  p in  f eed -  
th roughs .  S ing le  p in  heade r s  a re  p rov ided  to  b r ing  the  co l l ec t ed  ion  cu r ren t s  
ou t  t o  the  e l ec t rome te r s .  
Analyzer   magnet   and  support   s t ructure . -  The ana lyze r  magnet is a f i v e  p i e c e  
assembly  cons is t ing  of  two Armco i r o n  p o l e  pieces, two Alnico V magnet arms, and 
an  Armco i r o n  yoke. The magnet  assembly i s  supported by  a bracket ,  which is a t -  
t a c h e d  t o  t h e  e n c l o s u r e  a t  t h e  a p p r o x i m a t e  c e n t e r  of g r a v i t y  p l a n e .  
Col lector   assembly.-  A t y p i c a l  c o l l e c t o r  f l a n g e  a s s e m b l y  is  shown.in  Fig-  
ure  32. The c o l l e c t o r  a s s e m b l y  c o n s i s t s  o f  i o n  c o l l e c t o r s  a n d  s h i e l d s  f o r  e a c h  
mass  mounted  onto  moveable  frames.  Each  of  the  frames  can  be moved about  the  
t h e o r e t i c a l  p o s i t i o n  a l o n g  t h e  c o l l e c t o r  f l a n g e  f o r  p r o p e r  a l i g n m e n t .  I n  a d d i -  
t i o n ,  t h e  c o l l e c t o r s  and t h e i r  s h i e l d s  c a n  be moved up o r  down on the frames 
p a r a l l e l  t o  t h e  i o n  p a t h s .  The n e c e s s a r y  i s o l a t i o n  b e t w e e n  t h e  c o l l e c t o r s  and 
t h e i r  s h i e l d s  is obta ined  wi th  ruby  washer  insu la tors .  Wires a r e  a t t a c h e d  from 
t h e  c o l l e c t o r s  t o  t h e  f e e d t h r o u g h  p i n s  i n  t h e  c o l l e c t o r  f l a n g e .  A f t e r  t h e  c o l -  
lectors  have been properly posi t ioned,  shields  are  spot  welded between the 
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FIGURE 29 
Ion Source 
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FIGURE 30 
Exploded View of Ion Source 
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FIGURE 31 
Exploded View of Analyzer 
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FIGURE 32 
Collector Flange Assembly 
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c o l l e c t o r s ,  t o  s h i e l d  t h e  f e e d t h r o u g h  p i n s  a n d  c o n n e c t i o n s ,  t o  p r e v e n t  r e g i s t r a t i o n  
of s t r a y  i o n s .  The co l l ec to r  f l ange  a s sembly  is then  welded  to  the  f lange  of  the  
ana lyzer   hous ing  . 
Ion  pump assembly  and  mounting.- A prototype Perkin-Elmer ion pump i s  shown 
i n  F i g u r e  33 . The i o n  pump assembly   cons is t s   o f   four   major   subassembl ies :   the  
cathodelanode assembly,  the housing assembly,  the magnets ,  and the magne't mount- 
ing.  The ca thodelanode  assembly  fea tures  an  in tegra l ly  machined  anode ,  which  i s  
mounted  on  contained  ceramic  washers   to   the  cathod  s t ructure .  The housing as- 
sembly i s  an  a l l -welded  cons t ruc t ion ,  wi th  welded- in  pole  p ieces  to  minimize  the  
airgap between the magnets.  The magnet  assembly consis ts  of  two magnets  and a 
yoke. The magnets   are   soldered  to   the  yoke.   After   the   magnet   assembly is  pos i -  
t i oned  the  yoke i s  s e c u r e d  t o  a b racke t  on t h e  pump housing. The yoke i s  a l s o  
mounted to   bosses   o f   the   sys tem  enc losure .  The f lange   of   the  pump housing i s  
welded to  the  ana lyze r  hous ing .  
Electronics  modules  assembly  and  mounting.- The e l ec t ron ic  packages  cons i s t  
of  cordwood welded modules and associated discrete components mounted on printed 
c i r c u i t  b o a r d s .  A typical  welded  module i s  shown i n  F i g u r e  34 . The p r i n t e d  
c i rcu i t  boards  a re  shaped  and  the  modules  loca ted  s o  t h a t  minimum a d d i t i o n a l  
volume i s  r equ i r ed .  
Only those modules and components requiring additional thermal paths are 
hard   po t ted .  Where thermal   condi t ions  p e r m i t ,  t h e   e l e c t r o n i c s   p a c k a g e s   a r e   p r o -  
tected  f rom  shock  and  vibrat ion  with foamed epoxies .  S i l icone  rubbers  and  foam 
epoxy  provides   an  effect ive  corona  suppression.  The packages  are   hard  wired  to-  
ge ther  wi th  the  ins t rument  dur ing  assembly .  
CONCLUSIONS 
An ana ly t i ca l  s tudy  o f  t he  necessa ry  mod i f i ca t ions  wh ich  would allow the Two 
Gas Senso r  to  mon i to r  t he  a tmosphe r i c  cons t i t uen t s  s e l ec t ed  con taminan t s  and  sum- 
mation of contaminants has been performed for both helium-oxygen and nitrogen- 
oxygen  a tmospheres .   Severa l   approaches   u t i l i z ing   the  Two Gas Senso r   a s   t he   bas i c  
component were analyzed.  The accumula to r  ce l l  app roach  o f fe red  the  mos t  f eas ib l e  
so lu t ion   to   the   p roblems  encountered .  The r e s u l t s  o f  t h e  s t u d y  l e a d  t o  t h e  d i f i -  
n i t i o n  of a con taminan t  and  a tmosphe r i c  s enso r ,  u t i l i z ing  the  accumula to r  ce l l ,  
mee t ing  the  pe r fo rmance  goa l s  spec i f i ed  in  the  con t r ac t  wh i l e  s t i l l  having ac-  
cep tab le  we igh t ,  power ,  and  s i ze  spec i f i ca t ions .  
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FIGURE 33 
Typical Ion Pump 
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FIGURE 34 
Typical Welded Module 
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APPENDIX A 
RESOLUTION AND SENSITIVITY NEEDED 
FOR THE MEASUREMENT OF TOTAL HYDROCARBONS AND CO 
Measurement of t o t a l  h y d r o c a r b o n s  r e q u i r e s  d e t e r m i n a t i o n  o f  r e s o l u t i o n  a n d  
s e n s i t i v i t y  r e q u i r e m e n t s .  The ins t rument  i s  t o  measure THC i n  a n  oxygen-helium 
atmosphere i n  which l i t t l e  i s  known about  the composi t ion and concentrat ions of  
con taminan t s  p re sen t .  S tud ie s  fo r  MOL app l i ca t ions  have  g iven  the  concen t r a t ion  
of o r g a n i c s  t o  be 5 0  t o  500 rng/m3. T h e s e  v a l u e s  a r e  u s e d  i n  t h i s  a n a l y s i s  
pr imar i ly  because  of  the  lack  of more d e s i r a b l e  d a t a .  The 50 con taminan t s  t o  be  
cons idered  were chosen from l i t s  of contaminants found in helium-oxygen atmos- 
phe re ,  a s  g iven  in  the  Labora to ry  Con taminan t  Senso r  con t r ac t ,  NAS 1-7266. The 
p a r t i a l  s p e c t r a  of t he  50  e l ec t ed  con taminan t s  i s  d i s p l a y e d  i n  T a b l e  A l .  The 
l a r g e s t  peak i n  t h e  s p e c t r a  is c a l l e d  t h e  100% peak,  other  peaks are  given as  a 
percentage  of  the  100%  peak.  Table A2 shows t h e  s p e c t r a  w e i g h t e d  a s  t o  t h e i r  
r e l a t i v e  n i t r o g e n  s e n s i t i v i t y .  S i n c e  t h e  s e n s i t i v i t i e s  g i v e n  v a r y  w i t h  s e v e r a l  
pa rame te r s  t he  dec i s ion  was made t o  w e i g h  t h e  s p e c t r a  w i t h  r e s p e c t  t o  s e n s i t i v i t y  
i n   t h i s  manner: 
i f  S e q u a l s :   m u l t i p l y  by: 
0 - 0.25 t h e   g i v e n   s e n s i t i v i t y  
0.25 - 0.75 0.5 
0.75 - 1.25  1.0 
1.25 - 1.75 1.  
1.75 - 2.25 2 .o 
2.25 - 2.75 2.  
2.75 - 3.25 3 . 0  
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m =  - 1 
3 M.W. 
6.023 x molecules  - molecules  
m 
- 
(meter ) 3 
6.023 x 10 6.023 x 10 
M. W. M. W. 
20 20  -
- - 
3 m 3 m 
number  of mo lecu le s  in  1 m3 a t  380 t o r r  (1/2 atmosphere) 
6.023 x 10 23 - 
22.4 
6.023 x 10 
M.W. - ( 2 2 . 4 )   ( 2 )  
6.023 x 10 
22.4 ( 1  1.2 1 
20 -
.*. PPM = 26 - M.W. -
. .  - M.W. 44'8 PPM f o r   e a c h  X3 of  gas (M.W. i n  grams) 3 m 
Table A3 is  composed  by u s e  o f  t h i s  r e l a t i o n .  Now the   expec ted   concent ra -  
t i o n s  of a l l  t h e  c o n s t i t u e n t s  c a n  b e  e x p r e s s e d  i n  PPM a s  f o l l o w s :  
Helium 0 t o  500,000 PPM 
Oxygen 0 t o  500,000 PPM 
Carbon  Dioxide 0 t o  50,000 PPM 
Water  Vapor 0 t o  50,000 PPM 
Carbon  Mon xide 0 t o  48 PPM 
Met ha ne 0 t o .  1,950 PPM 
Total  Hydrocarbons o t o  1,000 PPM ( -1000 assuming  an  verage 
m 
M.W. of 50) 
PPM Values presented were computed a t  50 t o  500 mg/m . The va lues  were 3 
chosen  as  a low and moderately high est imate  of the  con taminan t s  l eve l s  to be 
expected. 
The Two Gas Sensor can be made t o  o p e r a t e  w i t h  a n  i o n  s o u r c e  s e n s i t i v i t y  of 
2 X amps/ tor r .   This   sens i t iv i ty   a long   wi th   the   normal   opera t ing   pressure  of 
2 x t o r r   g i v e s   a n   o u t p u t   c u r r e n t  of 4 x 10-1O amps f o r  N2. I n  a 380 t o r r  
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atmosphere a s i g n a l  of 13 PPM is d e t e c t a b l e .  T h i s  would provide an ion current  
of 5 x 10-15 amps, well above  the  p re sen t  de t ec to r  no i se  level of 1.5 x 
wi th  a one  second 0 t o  90 pe rcen t  rise time. Th i s  va lue  of 13 PPM sets a lower 
limit of c o n s t i t u e n t s  t o  b e  examined with the present  Two Gas Sensor  of :  
Oxygen 13 (9.3 mgjm3) t o  500,000 PPM 
n 
Helium 13 (1.14 mg/m3) t o  500,000 PPM 
Carbon  Dioxide 13 (12.8 mg/m ) t o  50,000 PPM 3 
Water Vapor 13 (5.25 mg/m ) to 50,000 PPM 3 
Carbon Monoxide 13 (8.15 mg/m ) t o  48 PPM 
Methane 13 (4.29 mg/m ) t o  1,950 PPM 
3 
3 
Total  Hydrocarbons 13 (12.1 mg/m3) to   1 ,000  PPM 
The lower limit on the concentrat ions of  13 PPM a s s u m e s  t h a t  a l l  t h e  com- 
ponents  have  the same s e n s i t i v i t y  a s  n i t r o g e n .  C o r r e c t i n g  f o r  t h i s  a s s u m p t i o n  
we ob ta in :  
S e n s i t i v i t y  Lower Detec tab le  L i m i t  
Oxygen 0.73  17.8 PPM 
Helium 0.185 70.0 PPM 
Wate?  Vapor 0.68 19.1 PPM 
Carbon  Dioxide 1.1 11.8 PPM 
Carbon  Monoxide  1.0  13.0 PPM 
Met ha ne  0.825 
Total  Hydrocarbons  1.5* 
15.75 PPM 
8.45 PPM 
There fo re ,  no te  tha t  t he  p re sen t  Two Gas Sensor i s  capable  of  detect ing .hydro-  
carbons of a concen t r a t ion  o f  g rea t e r  t han  10 PPM.  By examining the spectra  a 
c o n c e n t r a t i o n  c o n s i d e r a b l y  g r e a t e r  t h a n  1 0  PPM can  be  expec ted .  Suf f ic ien t  sens i -  
t i v i t y  i s  expec ted  fo r  a hydrocarbon  measurement. The p resen t  Two Gas Sensor has 
a r e s o l u t i o n  of 18. This  is  q u i t e  s u f f i c i e n t  t o  s e p a r a t e  44  from  47.  Therefore, 
t h e  r e s o l u t i o n  is adequate  even though the analyzer  may need t o  be e n l a r g e d  t o  
allow masses 44 and 47 to be placed a t   t h e i r  optimum f o c a l  p o i n t s .  
*Average - s e n s i t i v i t y  of 50  se lec ted  contaminants  
.. 
85 
TABLE A1.-  SELECTED CONTAMINANTS PARTIAL  SPECTRA 
mle 
Major 12 
57  0.16 
43 1.11 
29 3.97 
17 _ _ _ -  
78  0.60 
41  0.8 
9.7 
28 0.79 
43  0.81 
62  0.95 
29 5.2 
16  3.8 
31 0.58 
50  3.3 
44 "" 
30 _ _ _ _  
91 0.09 
Compound S 14 15 27  28 
18.97 12.32 
8.01 1.74 
4.93 4.00 
"" "" 
3.48 ---- 
33.19 28.01 
"" 11.0 
18.21  100.0 
13.5 4.60 
31.0 91.2 
"" 30.31 
"" "" 
"" 5.93 
"" "" 
"" 15.81 
3.76 "" 
0.65 ---- 
29  49-120 
39.11 ---- 
4.29 ---- 
100.0 "" 
"" "" 
Allyl  Alcohol 
Acetone . . - - 
Acetaldehyde . 
Ammonia . . 
Benzene - . 
Butene-l . . . . . . 
Carbon  Dioxide . . . 
1,4-Dioxane . . . . 
Ethylace ta te  . . . . 
Ethylene Dichloride . 
Formaldehyde . . . . 
Methane . . . . . . 
Methanol . . . . . . 
Methylene  Chloride . 
Nitrous Oxide . . . 
Ni t ro i c  Oxide . . . 
Toluene . . . . . . 
0.78 
8.55 
1i .46 
22 .o 
"" 
2.90 
1.46 
43.69 
42.07 
7.5 
1.52 
7.32 
1.42 
0.904 
0.457 
1.95 
1.28 
1.1 
1.56 
2.32 
0.175 
0.314 
0.79 
1.02 
1.28 
0.79 
1.14 
1.67 
"" "" 
17.64 ---- 
"" "" 
42.73 ---- 
25.01 ---- 
4.8 ---- 
100.0 "" 
"" "" 
59.86 ---- 
"" "" 
"" 
6.24 
7.36 
4.1 
6.33 
20.09 
6.97 
8.4 
17.03 
11.44 
0.13 
"" 
16.42 
21.52 
1.0 
"" 
88.76 
36.44 
72.3 
"" "" -"- 
0.04 ---- 
"" "" 
2.71 
(0.27) 
1.26 
1.09 
2.89 
Vinyl  Chloride . . . 1.055 
"Xylene . . . . . . 1.44 
Sulfurdioxide . . . . 0.67 
Ethyl  Alcohol . . . 0.74 
Iso-Propyl  Alcohol . 0.16 
Methyl  Ethyl  Ketone . 0.1575 
Cyclohexane . . . . . 0.72 
Is0 Pentane . . . . 1.0 
Methyl  n-Butyrate . . 25.6 
50 
Ethyle ther  . . . . . 1.05 
Ethylene . . . . . 0.9 
3.04 
"" 
100.0 2.70 
9.64 0.67 
"" "" 
22.2 5.5 
16.3 1.2 
15.4 2.79 
24.22 12.65 
35.61 4.05 
43.72 9.03 
"" "" 
"" "" 
"" "" 
22.48 ---- 
10.0 "" 
23.6 ---- 
11.96 ---- 
44.33 "" 
17.10 ---- 
"" "" 
"" "" 
"" "" 
"" 
0.30 
0.74 
n.d. 
"" 
3.56 
5.65 
n.d. 
31 0.23 
28  1.64 
3.14 
5.01 
9.88 
0.52 
24.07 6.21 
64.72 100.0 
54.0 ---- 
2.31 ---- 
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TABLE A1.- SELECTED  CONTAMINANTS PARTIAL SPECTRA - Concluded 
Compound 
Acetic Acid . . 
A c e t o n i t r i l e  . 
Butanal . . . . 
n-Eutane . . . . . 
Carbontetrachloride 
2,3 Dimethylpentane 
Ethylbenzene . . . 
Formic  Acid . . . 
2  Propanol . . . 
Methyl  Acetate . . 
Methyl  Mercoptan . 
S 
"_ 
. 1.0 . 0.35 
. 1.35 
. 1.1 
. 1.7 
. 2.5 
. 68.0 
. 1.8 
. 2.1 . 1.0 
m / e  
Major 
43 
41  
27 
43 
117 
57 
91 
100 
45 
43 
47 
12 
"" 
7.12 
"" 
"" 
9.96 
"" 
"" 
3.32 
0.48 
"" 
1.49 
14 
"" 
13.47 
"" 
1.78 
"" 
0.74 
"" 
"" 
4.52 
"" 
5.38 
15 
"" 
2.36 
"" 
9.28 
"" 
8.22 
"" 
"" 
14.49 
"" 
12.07 
27 28 
0.40 5.55 
2.39 3.79 
100.0 26.55 
43.49 32.96 
"" "" 
25.0  4.21 
7.47  0.86 
17.21 
17.53  .6  
0.84 1.94 
1.08 
"" 
"" 
29 49-120 
15.6 ---- 
"" "" 
95.59 83.0 
43.37 17.0 
"" 330.0 
30.7 194.0 
0.51 245.0 
100.0 108.0 
12.49 60.0 
10.50 22.00 
"" 200.0 
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TABLE  A2. - SPECTRA WEIGHTED TO RELATIVE NITROGEN SENSITIVITY 
Compound 
Allyl Alcohol 
Ace tone 
Acetaldehyde 
Amonia 
Benzene 
Butene-' 
Carbon Dioxide 
1-4 Dioxane 
Ethyl  Acetate  
Ethylene Dichloride 
Formaldehyde 
Methane 
Methanol 
Methyl Chloride 
Nitrous Oxide 
Nitric Oxide 
Toluene 
Vinyl Chloride 
m-Xylene 
Sulfur dioxide 
Ethylalcohol  
Cyclohexane 
Is0 Pentane 
Methyl Ethyl Keytone 
Methyl n Butyrate 
Ethyl  e ther  
Ethylene 
Acet ic  Acid 
Ace ton i t r i l e  
Be tena 1 
mle 
SEN MAJOR 12 
1.42 
0.902 
0.457 
1.95 
1.28 
1.1 
1.56 
2.32 
0.17 
0.31 
0.79 
1.02 
1.28 
0.79 
1.14 
1.67 
1.05 
1.44 
0.67 
0.75 
0.72 
1 
0.16 
0.75 
1.05 
0.9 
1.2 
1.0 
0.35 
57 
43 
29 
17 
78 
4 1  
44 
23 
43 
62 
29 
16 
31 
50 
44 
30 
91 
27 
9 1  
64 
31 
56 
43 
43 
31 
28 
43 
4 1  
27 
0.16 
1.67 
3.97 
" 
1.2 
1.2 
9.7 
119.0 
2.03 
0.168 
2.6 
3.8 
0.58 
5.0 
" 
" 
0.013 
3.49 
" 
" 
" 
" 
0.10 
" 
n.d. 
0.23 
1.64 
" 
7.12 
" 
Carbon Tet rachlor ide  1.0 117 9.96 
14 
0.78 
12.75 
17.46 
1.1 
" 
4.35 
" 
9.36 
18.30 
0.72 
3.17 
20.09 
6.97 
12.6 
17.03 
11.44 
0.17 
3.04 
" 
" 
" 
0.15 
0.74 
" 
n.d. 
3.14 
5.01 
" 
13.47 
" 
" 
15 
1.46 
66.1 
42.07 
3.75 
3.04 
10.9 
" 
24.63 
54.55 
0.175 
- -  
88.76 
36.44 
108.4 
" 
2 . 7 1  
1.89 
1.09 
4.33 
" 
" 
1.78 
5.65 
" 
n.d. 
9.88 
0.52 
" 
2.36 
" 
" 
27 
18.97 
12.01 
4.93 
" 
6.96 
" 
" 
27.31 
33.9 
5.45 
" 
-- 
" 
" 
" 
" 
0.98 
1.00 
14.46 
" 
22.2 
12.11 
35.61 
2.0 
43.72 
24.07 
64.72 
0.40 
2.39 
50.0 
28 
12.32 
2.61 
4 .OO 
" 
" 
" 
11 .o 
150.0 
11.5 
15.9 
15.15 
" 
5.93 
" 
15.81 
3.76 
" 
2.70 
1.00 
" 
5.5 
6.33 
4.05 
1.55 
9.03 
6.21 
100.0 
5.55 
3.79 
13.28 
29  47-120 
39.11  8.2 
6.41  44.0 
100 .o " 
" " 
" 392.0 
286 .O " 
" " 
63.36 156.0 
62.5 62.5 
0.84 34.0 
50.0 " 
" " 
59.86 - -  
" 239.0 
" " 
0.04 - -  
" 400.0 
" 127.0 
" 295.0 
" 155 .O 
22.48 - -  
5.98 138.0 
44.33 200.0 
3.8 N.A. 
17.10 187 .O 
54 .O " 
2.31 - -  
15.6 " 
" " 
47.8  85.0 
" " " 330.0 
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TABLE  A2. - SPECTRA WEIGHTED TO  RELATIVE NITROGEN SENSITIVITY - Concluded 
Compound 
2,3 Dimethyl 100 
Pentane 
Ethyl-Benzene 
Formic Acid 
2-Propanol 
Me thy1  Acetate 
Methyl Mercaptan 
n-Hexane 
Methyl Z Pentanone 
2-Butanol 
Furfuryl Alcohol 
Furan 
Isopropyl Alcohol 
l-Pentene 
Benza ldhyde 
Ethyl Formate 
m-Propanol 
Propylene 
uephthalene 
Hexane 
Methyl-2-Pentom 
Butanol 
Furfuryl Alcohol 
Furon 
Isopropyl Alcohol 
Pentene 
Benza ldehyde 
Ethyl Formate 
n-Proponal 
Propylene 
Naphthalene 
SEN 
1.7 
2.5 
1.8 
1.8 
2.1 
1.0 
1.15 
1.6 
N.A. 
" 
N.A. 
N.A. 
1.2 
2.1 
N.A. 
1.8 
1.2 
2.9 
1.15 
1.6 
" 
0.05 
N.A. 
" 
1.2 
2.1 
" 
1.8 
- -  
2.9 
mJe 
MAJOR 12 
57 " 
91 " 
100 6.64 
45 0.48 
43 -- 
47 1.49 
57 " 
43 " 
45 " 
" " 
39  2.1 
45 0.5 
42 - -  
27 - -  
31 - -  
31 - -  
4 1  1.2 
128 - -  
57 
43 " 
45 " 
98 -- 
39 2.1 
45 0.5 
42 - -  
27 -- 
31 -- 
31 - -  
41  1.2 
128 -- 
14 15 
1.11 12.33 
" " 
" " 
9.06 29.00 
" " 
5.38 12.07 
1.15 9.30 
" " 
" " 
" " 
4.0 
1.5 14.5 
1.1 5.6 
" 
" " 
" " 
40.0 3.6 
3.1 50.0 
" " 
1.16  9.30 
" " 
" " 
" " 
4.0 -- 
1.5 14.5 
1.1 5.6 
" " 
" " 
2.0 1.8 
3.1 50.0 
" " 
27 
37.5 
18.75 
" 
35.06 
1.68 
" 
55.59 
" 
17.0 
2.4 
0.8 
17.5 
32.2 
200.0 
43.0 
37.2 
38.5 
5.34 
55 -59 
" 
17 .O 
48.0 
0.8 
17.5 
32.2 
100.0 
43.0 
18.6 
38.5 
1.78 
28 
6.31 
2.05 
17.21 
3.30 
3.88 
1.08 
15.30 
2.92 
3.20 
0.41 
1.5 
1.7 
4.9 
53.0 
72 .O 
12.6 
1.6 
" 
15.30 
1.95 
3.20 
8.2 
1.5 
1.7 
4.9 
26.5 
72 .O 
6.3 
1.6 
" 
29 
46.1 
1.27 
200.0 
24.98 
21.00 
" 
60.29 
22.2 
15 .O 
2.96 
15.8 
12.5 
27.0 
191.0 
65 .O 
34.4 
0.6 
" 
60.29 
14.87 
15 .O 
59.5 
15.8 
12.5 
27.0 
95.6 
65.0 
17.2 
0.6 
205 .O 
47-120 
291.0 
612 .O 
216.0 
12.0 
44.00 
200.0 
183.0 
120.0 
26.0 
20.5 
130.0 
37 -0 
40.0 
140.0 
10.0 
36.0 
" 
615 .O 
183.0 
80.0 
26.0 
410.0 
130.0 
37 .O 
40.0 
70.0 
10.0 
18.0 
" 
I- 
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TABLE A 3 .  - PPM VALUES FOR MASS NLMBERS OF INTEREST 
50 2 
m 
500 2 
m 
50 2 
m 
500 2 
m 
50 2 
m 
500 
m 
50 2 
m 
500 2 
m 
50 2 
m 
500 2 
m 
PPM15  PM2 7 P P M ~  8 
Butanol 
0.0 15.5  4.13 
0.0 155 .O 41.3 
Carbon Tet rachlor ide  
0.0 0.0 0.0 
0.0 0.0 0.0 
.2,3 Dimethyl Pentane 
2.77  8.35 
27.77  83.5 
Ethylene 
0.416  51.6 
4.16  516.0 
Acet ic  Acid 
0.0 0.15 
0.0 1.5 
1.410 
14.10 
80.0 
800.0 
2.04 
20.4 
PPM29 
14.8 
148.0 
0.0 
0.0 
10.3 
103.0 
185 .O 
1850.0 
5.75 
57.5 
PPM47 - 120 
26.3 
263.0 
45.0 
450.0 
65 .O 
650.0 
0.0 
0.0 
75.0 
750.0 
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TABLE A3. - PPM VALUES FOR MASS NUMBERS OF INTEREST - Continued 
PPM15 PPM2 7 PPM28  P M29  P M47- 120 
A c e t o n i t r i l e  
. .  
50 2,  . .  
m 
50 y 
m 
500 
m 
1.27  1.28 , 2.05 0.0 
12.7  12.8  20.5 0 .0  
m-Xylene 
0.0 
0.0 
1.90   6 .3  0.43 0.0 127.0 
19 .0   63 .0  4 .3  0.0 1270.0 
Sulfur Dioxide 
50 y 0.0  0.0 0.0 0.0 54.2 
m 
500 y 
m 
50 
m 
500 
m 
50 
m 
500 2 
m 
0.0 0.0 0.0 0.0 542 .O 
Ethyl Alcohol 
0.0 10.7 2 . 8  10.7 
0 .0  107 .0  2 8 . 0  107.0 
Ethyl-Benzene 
0.0 
0 . 0  
0 .0  9.2  1 .00  0 .6 1 299.0 
0.0  92 .0   10 .0  ' 6.01  2990  
. .. 
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TABLE A3. - PPM VALUES FOR MASS NUMBERS OF INTEREST - Continued 
PPM.I.5 PPM27 PPM28 P M 9  PPM47- 120 
Formic  Acid 
0 .o 0.0 7 .9   92 .0  98.5 
0.0 0.0 79.0  920.0 385.0 500 2 
m 
2-Propanol 
50 
m 
500 4 
m 
50 y 
m 
500 ?$ 
m 
50 
m 
500 
m 
50 y 
500 y 
m 
m 
10.7  13.0 11.4 9.25  4 .34 
107.0 130.0 114.0  92.50  43.4 
Ace tone 
25.5 46 .20   10 .1  2.47 17.0  
255 .0  462 .O 101.0  24.7  170.0 
Acetaldehyde 
10.0 2 .46  2 .oo 50.0 0.0 
100.0 24 .6   20 .0  500.0 0 .0  
Ammonia 
5.62 0.0 0 .0  0 .0  0.0 
56.2  0 .0  0 .0  0 .0  0.0 
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m 
500 
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TABLE A3.  - PPM VALUES  FOR  MASS  NUMBERS OF INTEREST - Continued 
PPM15  2 7 PPM2 8 PPM2 9 PPM47-120 
Benzene 
50 2 
m 
500 2 
m 
50 2 
m 
500 
m 
50 
m 
500 5 
m 
50 "5 
m 
500 y 
m 
8.6 19.8 0.0 0.0 112 .o 
86.0  198.0 0.0 0.0 1120.0 
Butene 
4.0 0.0  .0 0.0 115.0 
40.0 0.0 0.0  0.0 1150.0 
Carbon Dioxide 
0.0 0.0 5.5 0.0 0.0 
0.0 0.0 55 .O 0.0 0.0 
Methanol 
25.5 0.0 4.15  41.6 0.0 
255.0 0.0 41.5  416.0 0.0 
Me thy  1 Chlor ide  
50.0 0.0 0.0  0.0 107 .O 
500.0 0.0 3.0 0.0 1070.0 
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500 5 
m 
50 5 
m 
500 
m 
50 
m 
500 
m 
50 
rn 
500 2 
m 
50 
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500 2 
m 
TABLE A3.  - PPM VALUES FOR MASS NZMBERS OF INllEREST - Continued 
PPMl5 PPM27 
N i t r o u s  Oxide 
0.0 0.0 
0.0 0.0 
Ni t r i c  Ox ide  
1.82 0.0 
18.2 0.0 
Tolulene 
0.46  0.22 
4.6 2.2 
v i n y l c h l o r i d e  
0.40  39.0 
4.0 390.0 
1-4 Dioxane 
6.25 6.8 
62.5  68.0 
PPM2 8 
7.9 
79.0 
2.56 
25.6 
0.0 
0.0 
1.11 
11.1 
3.75 
37.5 
PPM29 PpM47-120 
0.0 0.0 
0.0 0 .0  
0.027 0.0 
0.27 0.0 
0.0 97.6 
0.0 976.0 
0.0 50.0 
0.0 500.0 
15.8 38.0 
158 .O 380.0 
94 
50 9 
m 
500 y 
m 
50 
m 
500 
m 
50 
m 
500 
m 
50 
m 
500 
m 
50 
m 
500 y 
m 
TABLE A3.- PPM VALUES FOR MASS NWBERS OF INTEREST - Continued 
PPM15  PPM27 PPM28 Pl?M29 
Ethyl  Acetate 
15.4  9 .4  3.0 17.7 
154 .O 94.0  30.0 177 .O 
Ethylene Dichloride 
0.039  1.21  3.55  0.2 
0 .39  12.1 35.5 2.0 
Formaldehyde 
0 .0  0.0 11.2 37.0 
0 .0  0 .0  112 .o 370.0 
Methane 
123.0 0 .0  0.0 0.0 
1230.0 0 .0  0.0 0.0 
Me thy1  Acetate 
0.0 0.504 1.16  6 .30 
0.0 5.04  11.6  63 .O 
PPM47-120 
17.3 
173.0 
7 . 6  
76.0 
0.0 
0.0 
0.0 
0.0 
13.0 
130.0 
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TABLE A3. - PPM VALUES FOR MASS NUMBERS OF INTEREST - Continued 
50 7 
m 
500 5 
m 
50 2 
m 
500 
m 
50 y 
m 
500 y 
m 
50 5 
m 
500 5 
m 
50 2 
m 
500 2 
m 
PPM15 PPM2 7 PPM28  PPM29 PPM47-120 
Methyl Mercoptan 
5.4 0.0 0.46 0.0 90.0 
54.0 0.0 4.6 0.0 90.0 
n-Hexane 
0.241  14.5  4.0  15.7  47.6 
2.41  145.0  40.0  157 .O 476.0 
Cyclohexane 
.467  3.24  1.67  1.59  37.0 
4.67  32.4  16.7  15.9  370.0 
Is0 Pentane 
1.75 11.1 1.24  13.7 62 .O 
17.5 111.1 12.4  137.0  620.0 
Methyl Ethyl Keytone 
0.0 0.62  .48 1.18 N . A .  
0.0 6 . 2   4 . 8  11.8 N.A. 
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TABLE A 3 .  - PPM VALUES  FOR MASS NIMBERS OF INTEREST - Continued 
50 2 
m 
500 
m 
50 
m 
500 y 
rn 
50 
m 
500 
m 
50 y 
m 
500 
m 
50 y 
m 
500 y 
m 
.PPM15  PpM27 PPM2 8 
Me thy1  n Butyrate 
n.d.  9.65 
n.d. 96.5 
Ethyl  Ether 
2.92  7.45 
29.2 74.5 
Benza ldhyde 
0.0 44 .O 
0.0 440.0 
Ethyl Formate 
0.0 12.9 
0.0 129.0 
n-Propanol 
1.33 1.35 
13.3 13.5 
1.96 
19.6 
1.87 
18.7 
11.6 
116.0 
21.6 
216.0 
4.66 
46.60 
PPM29 
3.76 
37.6 
16.2 
162 .O 
42 -0 
420.0 
19.5 
195 .O 
14.4 
144.0 
PPM47- 220 
41.2 
412.0 
N.A. 
N.A. 
28.6 
286 .O 
3.0 
30.0 
13.3 
133.0 
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TABLE A3. - PPM VALUES FOR MASS NZMBERS OF INTEREST - Continued 
50 2 
m 
500 y 
m 
50 y 
m 
500 y 
m 
50 2 
m 
500 2 
m 
50 
m 
500 y 
m 
50 y 
500 2 
m 
m 
PPM15 PPM27 
Furan 
0.0 0.264 
0.0 2.64 
Isopropyl  Alcohol  
5.40  6.52 
54.0  65.2 
1-Pentene 
1.88  10.5 
18.8  05 .O 
Methyl 2 Pentanone 
0 .o 0.0 
0.0 0.0 
2-Butanol 
0.0 5.10 
0.0 51.0 
PPM28 
0.524 
5.24 
0.633 
6.33 
1.52 
15.2 
0.640 
6.40 
0.96 
9.6 
PPM2 9 
5.24 
52.4 
4.65 
46.5 
7.3 
73.0 
5 .O 
50 .O 
1.50 
15.0 
PPM7-120 
43.0 
430.0 
13.8 
138.0 
12.8 
128.0 
26.6 
266 .O 
7.2 
72.0 
98 
I 
50 
m 
500 
m 
50 
m 
500 2 
m 
50 2 
m 
500 2 
m 
50 
m 
500 4 
m 
50 
m 
500 
m 
TABLE A3. - PPM  VALUES FOR MASS NUMBERS OF INTEREST - Concluded 
PPM15  2 7 PPM2 8 PPM29 PP&+7-  120 
Fur fu ry l  A lcoho l  
0.0 0.553  0.0957  0.677  4.70 
0.0 5.53  0.957  6.77 47 .O 
Propylene 
25.5  19.3 0.80 0.32 0.0 
255 .O 193.0 8;O 3.2 0.0 
Napthalene 
0.0 0.945 0.0 0.0 108.0 
0.0 9.45 0.0 0.0 1080.0 
Al ly l  A lcoho l  
0.55  7.1  4.72  14.9  14.7 
5.5  71.0  47.2  149.0  147.0 I 
I 
, 
1-Propane th ia l  
N.A. 13.0  1.70  1.40  49.0 
N.A. 130.0  7 .O 14 .O 490 .O 
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APPENDIX B 
CROSSTALK AND ORGANIC  FRAGMENT  INTERFERENCE  AT M SS 28 
Only  at mass 28 is  crosstalk  from  adjacent  masses  a  problem. In Appendix A 
the  discussion  concerning  the  sensitivity  and  resolution  of  hydrocarbons  found 
m/e 27 and m/3 29 averaged  over  the 50 contaminants,  are  nearly  the  same  size  as 
m/e 28 (actually  m/e 27 and 29 were found  to  be  larger  than  m/e 28 due  to 
hydrocarbons). The  present  two  gas  sensor  has  a  resolution f  18 .  This 
resolution  is  not  sufficient  to  separate  m/e 27 and 29 from  m/e 28. The 
mass 28 collector  is  primarily  for  the  detection  of  CO.  Since  the  instrument 
is not  able  to  separate  the  three  masses,  the  ion  current  at  mass 28 , as uming 
that  spectra  data  obtained in Appendix A is  indicative  of  the  true  situation, 
will be  roughly  a  sum  of  m/e 27 ,  m/e 2 8 ,  and  m/e 29. Assuming  that  m/e 27 ,  
28 and 29 are  each  about 20 PPM leads to  the  realization  that  m/e 28 current,  due 
to  hydrocarbons,  is  greater  than  the  maximum  expected CO current,  about 40 PPM. 
The  increase  in  resolution  to 28 would  decrease  the  hydrocarbon  contribution  to 
m/e by a  conservative  factor  of 3 .  There  is  no  simple  method  known  to  subtract 
out  the  hydrocarbons  contribution  to  mass 2 8 , therefore,  decreasing  hydrocarbon 
contribution  as  much  as  possible  is  desirable. 
A  physical  method,  which  can  be  used  to  prevent  the  clouding  of  the CO measure-
ment of m/e 28 ,  requires  the  use of  an  organic  scrubber in the mass spectrometer 
inlet  system  that  will  remove  the  organics.  Scrubbers  are  cbmposed  of  a mix- 
ture  of  sorbents  such  as  charcoal  and  molecular  sieve. While,the use  of  the 
scrubber  would  eliminate  total  hydrocarbon  measurement,  methane  would  not  be 
scrubbed  effectively  and  could  still  be  monitored  by  the  mass  spectrometer.  The 
use  of  the  scrubber  offers  an  alternative  method  to  increasing  the  resolution 
of  the  instrument.  Without  the  scrubber  there  is  no  simple  way  to  know  how 
much  of  the  m/e 28 current  is  due  to CO and  how  much  is  due  to  fragments  of 
hydrocarbons.  At  this  time  the  most  logical  approach  suggested  would  be  to 
operate  the  mass  spectrometer  without  the  scrubber  for  normal  operation,  then 
if  the 28 level  is  higher  than  would  be  expected  from CO, or  if a  significant 
Zhange  in  the 28 level  appeared,  the  scrubber  could  then  be  brought  into  service 
in  order  to  obtain  an  improved  measurement.  This  type  of  operation  calls  for  the 
scrubber  to  be  rarely  used. 
If all 50 contaminants  are  considered  to  occupy  .the  atmosphere  in  equal 
proportion  as  to  weight,  the  following  concentrations  are  computed: 
for 50 2 
m 
PPM 15 
6.78 
PPM 27 PPM 28 PPM 29 
8.20 4.62 13.35 
PPM 47-120 
39.40 
101 
for 500 5 
m 
PPM 15 PPM 27 PPM 28 PPM 29 PPM 47-120 
67.8 82.0 46.20 133.50 394.0 
The  ratio  of 27 +29 to 47-120 taken  at 70 e.v. is  0.563  for  the 50 contaminants. 
While  the  ratio of 28 to 47-120 is 0.117. Judging  by  these  figures  note  that 
having  a  resolution  of 28 decreases  interference  at mass 28 by a  factor  of 5. 
The  expected  amount  of CO to  be  present in  the  atmosphere  is  about 40 PPM. 
Using 40 PPM CO as a representative  number  note  that in  an atmosphere  with 
50 mg/m3  contaminants  the  percentage of mass 28 interference is about 10% of 
the  total mfe 28 current,  a  negligible  amount.  If we have  a  high  concentration 
of  organics, 500 mg/m3,  the 28 interference  due  to  organics  is  about 50% of 
the 28 ion  current.  This  is  not  a  good  measurement  but  in  some  cases  100% 
accuracy  can  be  obtained  because  the 47-120 ion  current  provides  a  rough  idea 
of how  much of the 28 peak  is  due  to  organics.  Analyzing  the  data  of  the 50 
contaminants  weighted  equally  as  to  weight  yields  these  directions. 
(1) Resolution  of 28 is  needed  to  limit  organic  interference  at  m/e 28 
only  to  ions  of  m/e 28. 
(2) For  low  concentratidns of contaminants  scrubber  is  not  needed. 
When  less  than 50 mg/m3  of  contaminants  are  present  the  scrubber  need 
not  be  used. 
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APPENDIX C 
EVALUATION  OF THE  EFFECT  OF  LOWERING THE ELECTRON  ENERGY  ON 
FRAGMENTATION AND SENSITIVITY 
As  noted,  decreasing  the  electron  energy, in a  number of cases,  decreases 
fragment t on  but,  unfortunately,  causes  an  accompanying  reduction in sensi- 
ence  at mass 28 due to  organics,  enabling  the  attainment  of  data  more  indicative 
of  the CO present.  Masses  47-120  are  to be monitored  as  an  indication  of  the 
total  hydrocarbons  present.  A  large  reduction in sensitivity  would  eliminate 
the  possibility  of  obtaining  a  good THC measurement.  Therefore,  to  weigh  the 
positive  advantage  of  reduced  fragmentation  against  the  disadvantage  of  reduced 
sensitivity is essential. In order  to  determine  the  value  of  a  low  energy 
electron  method,  a  survey  of  existing  literature  and an analysis  of  contaminant 
spectra  taken  from  the  Laboratory  contaminant  contract  were  performed. 
tivity, 'S3s3. A method  for  decreasing  fragmentation  would  decrease  interfer- 
Data  obtained  from 9 contaminants  qun  at 4 different  electron  voltages is 
shown  in  Table C1. The  largest  peak  in  the  spectra  is  given  the  value  1,  other 
peaks  are  given  values  relative  to  the  major  peak.  The  summation  of  masses  27, 
28  aqd 29 is  given  along  with  masses  47-120.  Masses 27,  28 and  29  are  indica- 
tive  of  the  current  received  at  mass  28  because  the Two Gas  Sensor  has  a  resolu- 
tion of 18 and  is  not  able to separate  27  and  29  from 28.
Examining  the  data  provided  in  Table  C1,  shows  no  strong  justification  for 
the  premise  that  intensity  of  fragment  peaks  at  27, 28 and  29  is  reduced  relative 
to  the  47-120  intensity.  An  ascending  value  of  the  ratio  of  27  and 8 and 29  to 
47-120  as  the  electron  energy  is  increased  shows  that  fragmentation  in  the 
region  of  interest  is  decreased  with  a  decrease in lectron  energy. An indica- 
tion  of  how  the  intensity  of  the  major  peak  varies  with  electron  energy  is  given 
by  the  relative  sensitivity  values.  Also,  this  sensitivity  value  gives  a  rough 
indication  of  how  the  47-120  intensity  varies  with  electron  voltage.  The 
correlation  would  be  better  if  the  major  peak  always  fell  in  the  47-120  mass 
range, but  this  is  not  always  the  case.  Only  three  of  the  nine  compounds  pre- 
sented  show  an  increase  in  ratio  with  increasing  electron  energy.  These  three 
compounds  are  Acetone,  Butene-1,  and  Toluene.  Even  for  these  three  cases  the 
changes  in  ratio  are  not  large.  The  ratio  changes  by  a  factor  of  6.15  for 
Acetone,  by  1.82  for  Butene-1,  and  by  a  factor  of 7 for  Toluene  when  the  ratios 
at 8 and 70 e.v. are  compared. A l s o ,  remember  that  even  in  these  three 
compounds,  the  decrease  in  fragmentation  is  accompanied  by  a  decrease in 
Sensitivity.  Sensitivity  decreases  by  a  factor  of  6.55  for  Acetone,  8.7  for 
Butene-1,  and 9 . 6  for  Toluene  when  the  same  values  at 70 volts  and 8 volts  are 
compared. 
The data  in  the  literature  which  can  be  directly  applied  to  this  study  is, 
indeed,  rare.  Several  papers  concerning  low  voltage mass spectrometry  have 
been  written  but  in  these  papers  sensitivity  was  no  problem,  due  to  large 
amounts of sample, and  detection  methods  and  resolution  was  sufficient  to 
allow the  attainment  of  clear  and  relatively  complete  data  of  all  the  spectra. 
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TABLE C1.- CONTAMINANTS RUN DATA* 
Ratio Relative  sensitivity 
Electron d e  m/ e 27+28+29 of 
energy 27+28+29 47-120 to 47-120 major peak 
Acetone 
0.0366 0.4481 0.0817 
0.0786 0.5170 0.1515 
0.1026 0.4445 0.2305 
8 
12 
16 
70 
0.1.53 
0.341 
0.560 
1.00 0.1756 0.3506 0.5010 
Benzene 
0.0243 
0.0355 
0.0425 
0.0320 
0.123 
0.496 
0.753 
1.00 
8 
12  
16 
70 
1.2014 
1.1462 
1.3266 
1.9680 
8 
0.0202 
0.0310 
0.0320 
0.0163 
Allyl Alcohol 
8 
12 
16  
70 
1.285 
0.948 
1.014 
1.334 
1.479 
1.370 
1.331 
1.356 
0.869 
0.792 
0.763 
0.965 
0.167 
0.40 
0.75 
1.00 
Butene-1 
0.713 
0.544 
0.594 
0.808 
1.126 
0.843 
0.730 
0.700 
0.633 
0.646 
0.814 
1.155 
0.115 
0.440 
0.685 
1.000 
8 
12  
16 
7 0  
Toluene 
8 
12  
16 
70  
0.003 
0.006 
0.033 
0.049 
1.083 
1.352 
1.783 
2.319 
0.003 
0.004 
0.018 
0 .021 
0.104 
0.4 18  
0.620 
1.000 
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TABLE C1.- CONTAMINANTS RUN DATA*  -Concluded 
Electron 
energy 
8 
12 
16 
70 
8 
12 
16 
70 
8 
12 
16 
70 
8 
12 
16 
70 
Ratio  Relative  sensitivity 
ml e mle  27+28+29 of 
27+28+29  4 -120  to  47-120 major peak 
1.00 
0.018 
0.014 
0.007 
1.173 
1.210 
1.229 
1.406 
0.719 
0.326 
0.346 
0.341 
1.043 
1.093 
1.149 
1.183 
Freon-11 
4 
1.721 
1.791 
2.382 
1-4 Dioxane 
0.550 
0.710 
0.695 
0.563 
Ethyl  Acetate 
0.406 
0.410 
0.328 
0 .260 
Ethylene  Dichloride 
0.320 
1.331 
1.259 
1.821 
und . 
0.0105 
0.008 
0.003 
2.130 
1.705 
1.770 
2.490 
1.772 
0.795 
1.055 
1.310 
3.070 
0.822 
0.912 
0.652 
0.005 
0.175 
0.523 
1.000 
0.227 
0.370 
0.575 
1.000 
0.032 
0.232 
0.420 
1.000 
0.233 
0.412 
0.564 
1.000 
* Values of electron  energy  given  as 8, 12 and 16~0lts, are  about 4 volts low. 
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These  luxuries  are  not  afforded  to  flight  mass  spectrometers.  The  paper  by 
Stevenson  and  Wagner  presents  curves  showing  how  the  intensity  of  the  parent 
ion and  several  of  its  fragment  varies  with  electron  energy  within  about 8 volts 
of  the  ionization  potential.  The  curves are presented  in  this  section  and are 
shown  in  Figures C1 thru  C5. 
The  compounds  presented  in  the  Stevenson  and  Wagner  paper  are  relatively 
simple  organics.  Fragments  are  formed  by  removing  one  or  more  hydrogens.  The 
data  does  indicate  that  in  order  to  considerably  decrease  fragmentation  for 
simple  organics,  that  operating  within 4 volts  of  the  ionization  potential  is 
necessary,  but  usually  sensitivities  are  reduced  by  at  least  a  factor  of  10 
when  the  electron  energy  is  within 4 volts  of  the  ionization  potential.  Lumpkin 
and  Aczely's  paper 2,  on the  sensitivities  of  aromatic  carbons,  does  give 
examples  where  lowered  electron  energy  does  give  a  decrease  in  selected  frag- 
mentation.  As an example,  their  data  for 1, 3, 5 - trimethylbenzene  is  presented 
in Table  C2. The  fragment  peaks  observed  are  caused  by  removing  CH2  from  the 
ring,  which  accounts  for  the  difference  in  mass  by  factors  of 14 between  the 
fragment  peaks  studies.  For  such  special  fragment  peaks,  the  low  electron 
energy  method  is  a  good  one. 
The most  powerful  argument  against  the  use  of  lower  energy  electrons  is 
the  fact  that  the  ionization  potential  of  CO  is  several  electron  volts  above 
that  of  most  organics.  The  ionization  potential  of  CO  is  given  as 14.01 volts 
by  KISER 4, while  the  ionization  potential of most  organics  falls  between 8 and 
12 volts.  Operating  the  mass  spectrometer  at  an  electron  energy  of 16 volts 
(4 volts  above  the 12 volt  ionization  potential)  may  reduce  the  fragmentation 
but  the  ion  intensity  is  decreased  by  at  least  a  factor  of 10. Since  the 
upper  amount  of CO expected  is 48 PPM  at  an  electron  energy  of 70 e.v., an 
electron  energy  of  16e.v.  would  yield  no  more  than 4.8 PPM CO.  This  amount 
of CO  is  not  detectable  on  the  present  two  gas  sensor. 
The  results of the low energy  mass  spectrometry stlldy are  not  favorable. 
The  low  energy  method  creates  more  problems  than  it  solves  and,  therefore,  is 
not  practical. 
According  to  King  and  Long 5, ionization  efficiency  curves  fall  into  three 
distinct  types.  The  first  group  of  curves,  labelled  Type I, are  for  those  ions 
whose  fractional  yield  fi  varies  inversely  with  the  electron  energy  above  the 
1. D.P. Stevenson  and  C.D.  Wagner,  J:=-her.  Chem. SOC. , 72, 5612 (1950) . ~ ~ ". " ~ ~ "" " " ." " 
2.  H.E. Lumpkin  and T. Aczely  Anal.  Chem., 36,  181, (1964) 
3.  G.F. Crable, G.L. Kearns,  and M.S. Norris,  Anal.  Chem., 32,  13 (1960) 
4. R.W. Kiser,  Intro.  to  MassSpect.  and  its  Applications,  Prentice-Hall, 
Ing,  Englewood  Cliffs, N . J . ,  1965, pp 310. 
5. A.B. King  and  F.A. Long, J.  Chem.  Phys., 29,  374 (1958) 
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FIGURE C1 A-298C 
Ionization  efficiency  curves of the methane ions, CH4+,CH + and 
CH2+. The  specific  intensities at V' - 75 volts  are  CH4+3=  348, 
CH3+ - 261 and CH2+ - 25.8. To  correct  voltage  scale, V', to  an 
absolute  basis  add 4.1 e.v. in this  figure  and Figs .  C2 thru C5. 
(A) CH4 + CH4+ + t-, (B) CH4 + CH3+ + H + C-. (C) CH4 + CH2+ + H2 + c-. 
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A-299C 
F I G U R E  C2 
Ionization  efficiency  curves  of  the  ethane ions, C2H6+, C2H5: 
and  C2H4+,  and  the  ethylene ion, C2H4+.  The  specific  intenslties 
at V- = 75  volts  are:  ethane,  C2H6+ = 250,  C2H5f = 167, and 
C2H4+ = 784;  ethyleneYC2H4+ = 572.  The  specific  intensity of 
C2H5+  from  ethane  has  been  corrected  for  contribution  from  the 
i o n  C12C13H4+ due to  the  natural  C13  content  of  the  ethane. 
(A) C2H4 + C2H4+ + C - ,  ( B )  C2H6 -+ C2H41 + H2 + C - ,  (C) C2H6 
+ C2Hg+ + C - ,  (D) C2H6 + CzHg+ + H f .f . 
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FIGURE C3 
Ionization efficiency  curves of the  propane  ions, C3Hs+, C3H7+ 
and c3H6+ and  the  propylene  ion  C3H6+. The specific intensities 
at V- = 75 volts are: propane, C3H8+ = 310, C3H7+ = 240 and C3H6+ 
,-e5-44.4; propylene,C3H6+ = 362. (A) C3Hg -t C3H6+ + c ,  (B) C3H8 -+ 
C H + + C, (C) C3Hg + C3H7+ + H + c - ,  (D) C3H8 + c3H6+ + H2 
+ c .  3 8  
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FIGURE C4 
Ionization  efficiency  curves of the  n-butane  ions, C4H10+,  C4Hg+ 
and C4Hg+ and  the  a-  and  cis-B  butylene  ions, C4Hg+. The  speclfic 
intensities at V- = 75 volts  are:  n-butane, C q H 1 c +  = 2 2 0 ,  C4Hg+ 
= 30.0 C4Hg+ 5 8 . 2 4 ;  a-butylene, ChH4+ = 2 9 0 ;  cis-6-butylene, 
( C )  n-C4H10 "+ C H10+ 4- f - ,  (D) n-C4II10 + CqHg? + H + c - ,  (E) n- .. -.$*:we 
C4H8+ E 330 (A) CiS-B-CqHg + C4Hg+ + t-, (B) CI-CqHg -b C4H8+ '-, 
C4H10 4 C4Hg+ + 82+ t-.  
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TABLE  C2.-  PARTIAL  SPECTRA OF 1.3.5-TRIMETHYLVENZENE  OBTAINED  AT  VARIOUS  IONIZING  VOLTAGES  AND  CURRENTS 
Ionizing 
voltage, 
e.v. 
10.1 
11.5 
14.5 
17.5 
70.0 
Parent  peak 
sensitivity 
(relative  to 
Ionizing that  at Z105 + 119 
current, 10.1 e.v., + 133 + 147 
11 pa.) + 161 
11 1.00 1.06 
35 1.63 1.12 
45 1.11 -" 
11  2 15 12.10 
35  5.23 5.64 
45 5.09 3.64 
11 3.66 81.90 
35  11.45 69.11 
45  13.18 64.61 
11  4.37 156.03 
35  13.93 142.90 
45  16.79 136.21 
11 6.48  407.09 
Fragment  peak  sensitivities, X of parent  peak  sensitivity 
Polyisotopic  values 
106 
"_ 
"_ 
"_ 
"_ 
"_ 
"_ 
"_ 
"_ 
"- 
0.70 
0.62 
0.56 
5.10 
120  134 
_" "_ 
-" "_ 
"_ "_ 
-" 1.35 
0.66 "_ 
--- 0.64 
"_ 6.30 
--- 5.49 
--- 5.30 
0.42 10.08 
0.34 9.40 
0.24 9.19 
1.73  20.87 
148 
"- 
"- 
"- 
0.61 
0.36 
0.33 
4.59 
3.72 
3.41 
8.87 
8.25 
7.76 
23.14 
Isotope  corrected 
106 
"_ 
"_ 
"_ 
"_ 
"_ 
"_ 
"_ 
"_ 
"_ 
0.09 
0.08 
0.07 
0.59 
120 134 148 
"_ 0.46 0.11 
"_ 0.24 0.15 
"_ 0.18 0.19 
"_ 1.47 0.21 
"_ 1.30 0.18 
"_ 1.26 0.22 
0.10 2.10 --- 
1.07 1.87 0.33 
0.07 1.95 0.23 
0.25  4.46 0.98 
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i o n i z a t i o n  p o t e n t i a l ,  (Ve - I ) .  I o n i z a t i o n  e f f i c i e n c y  c u r v e s  d e s i g n a t e d  a s  Type 
I1 a r e  f o r  t h o s e  i o n s  whose r e l a t i v e  y i e l d  r i s e s  t o  a maximum, abou t  10  vo l t s  
above  the  ion iza t ion  po ten t i a l ,  and t h e n  d r o p s  o f f  s l i g h t l y  a t  h i g h e r  v o l t a g e s .  
Ions whose r e l a t i v e  y i e l d s  rise s lowly  and  do  not  leve l  of f  un t i l  much h igher  
v o l t a g e s  a r e  d e s i g n a t e d  a s  Type 111. A t y p i c a l  example   o f   ion iza t ion   e f f ic iency  
c u r v e s  f o r  i o n s  of Type I ,  I1 and I11 i s  g iven  by  King  and Long. This  data  i s  
presented  for  methyl  formate  in  F igure  C 6 .  Ions of Type I a r e  c l e a r l y  n o t  f a v o r -  
a b l y  a f f e c t e d  by a low-energy  e lec t ron  appl ica t ion  because  lower ing  the  e lec t ron  
vo l t age   i nc reases   r a the r   t han   dec reases   f r agmen ta t ion .   Tab le  C 3  groups  ions 
from methyl formate,  methyl acetate,  and e thy l  fo rma te  in to  the  th ree  types .  
N o t i c e  t h a t  t h e  p a r e n t  p e a k  u s u a l l y  f e l l  i n t o  t h e  Type I ca tegory ,   Therefore ,  
some p o s i t i v e  v i r t u e  i n  Type I i o n s  was noted. A low-energy electron method  would 
i n c r e a s e  t h e  4 7 - 1 2 0  cont r ibu t ion  because  Type I behavior i s  usua l ly  exper ienced  
by the  heavier   ions.   But ,  s t i l l  the   f ac t   r ema ins   t ha t   f r agmen ta t ion  is  not  de- 
c reased  by  lower ing  the  e lec t ron  energy  when  Type I ions  a re  cons idered .  Type I1 
i o n s  rise so  v e r y  q u i c k l y  t h a t  t h e y  a r e  o f  l i t t l e  o r  no h e l p  i n  d e c r e a s i n g  f r a g -  
mentation.  Examining  Figure C 6 ,  n o t e  t h a t  a t  5 vol t s  above  the  ion iza t ion  poten-  
t i a l  t h e  Type I1 ion  p resen ted  (mass 29)  h a s  r i s e n  t o  7 5 %  of i t s  maximum value.  
S i n c e  t h e  i o n i z a t i o n  p o t e n t i a l  of  most o rgan ic s  i s  about 10 e .v .  and the ioniza-  
t i o n  p o t e n t i a l  of CO is  about 14 v o l t s ,  a value of  5 v o l t s  a b o u t  t h e  i o n i z a t i o n  
p o t e n t i a l  of  an  organic i s  about 15 v o l t s .  By examining  the CO i o n i z a t i o n  e f f i -  
c i ency  cu rve ,  F igu re  C 7 ,  and Figure  C 6 ,  no te  tha t  a 25% r e d u c t i o n  i n  f r a g m e n t a t i o n  
i s  o f f s e t  by about a 98% r e d u c t i o n  i n  CO i o n  c u r r e n t .  Type I1 ions  a re  not  he lped  
by the  low ene rgy  e l ec t ron  method. Type I11 ions  do n o t  r ise a s  r a p i d l y  a s  Type 
I1 ions  when the  e l ec t ron  ene rgy  i s  increased .  When operating  10  e.v.   above  the 
i o n i z a t i o n  p o t e n t i a l ,  a b o u t  2 0  v o l t s ,  F i g u r e  C6,  g ives  a t y p i c a l  Type 111 c u r r e n t  
of  about  one-third i t s  maximum value .  But o p e r a t i o n  a t  20  e a .  gives  a CO va lue  
of about one-sixth of i t s  maximum value.  Since CO s e n s i t i v i t y  i s  a l r e a d y  a prob- 
l e m  no ne t  ga in  i s  accomplished  for  even Type I11 ions.   Table C4 summarizes how 
f r agmen ta t ion  va r i e s  w i th  e l ec t ron  ene rgy  fo r  va r ious  g roups  o f  compounds. 
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TABLE C3.- TYPES OF BEHAVIOR  EXHIBITED BY PRINCIPLE 
IONS  AT LOW ELECTRON VOLTAGES 
Mass peaks with type Methyl 
Formate 
m/e 
I  curve 
I1  curve 
I11 curve 
m/ e 
m/ e 
60 
32 
" 
" 
" 
" 
" 
59 
31 
" 
45 
44 
30 
29 
28 
15 
14 
" 
" 
Methyl 
Acetate 
m/  e 74 
" 
" 
" 
" 
" 
" 
m/e 73 
59 
43 
m/ e 42 
41 
31 
30 
29 
28 
15 
14 
" 
Ethyl 
Formate 
m/ e 74 
73 
59 
56 
47 
46 
28 
m/ e 45 
31 
" 
m/ e 44 
43 
42 
30 
29 
27 
26 
19 
15 
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ELECTRON ENERGY I N  e . v .  
FIGURE C7 
A - 30hC 
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TABLE C4.-  FRAGMENTATION  CHANGES  WITH  ELECTRON  ENERGY 
Compounds 
Aromatics 
Aliphatics 
Olefins 
Alcohols 
Ketones 
Ethers 
Esthers 
3 .  
Examples  run  F agmentation  cha ges 
due  to  low 
energy  electrons 
Hydrocarbons 
Benzene 
Toluene 
Xylene 
Ethane 
Butene-1 
Oxygen  Compounds 
Allyl  Alcohol 
Methyl  Alcohol 
Acetone 
Dioxane 
Decreases  overall  fragmen- 
tation  but  not  to  a  large 
degree  at 2 7 ,   2 8  and 29 
No 47-120 contribution,  ratio 
of  major  peak  to 27+28+29 
decreases  with  increasing 
electron  energy. 
Small  decrease  in  frag- 
mentation. 
Little  change  in 
fragmentation. 
Some  decrease  in  fragmen- 
tation  but 2 7 ,   2 8  and 29  
fairly  small. 
No  improvements, 28 major 
peak 
Ethyl  Acetate  V ry  little  improvement. 
Halogenated  Compounds 
Freon I1 Fragmentation  increases 
at  lower  voltages 
Ethylene  Dicloride 
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TABLE C4.-  FRAGMENTATION  CHANGES  WITH  ELECTRON E ERGY- Continued 
HYDROCARBONS 
Aliphatic 
n-Butane 
Cyclohexane 
n-Decane 
2.2-Dimethylbutane 
Dimethylpentane 
Ethane 
n-Huxane 
Methylcyclohexane 
2-Methylpentane 
3-plethylpentane 
Propane 
1,1,3-Trimethylcyclohexane 
Trimethylhexane 
Aromatic 
Methylthylbenzene 
Rhenylpentane 
0-Xylene 
j -Xylene 
Oxygen  Compounds 
Acids 
Acetic  Acid 
Butyric  Acid 
Isobutyric  Acid 
p-Cresol 
Caprylic  Acid 
Propionic  Acid 
Valeric  Acid 
Olefins 
cis-Butene-2 
Trans-Butene-2 
Isobutylene 
Dimethylbutene 
Ethylene 
1-Hexane 
Methylbutene 
2-Methylpropene 
Propylene 
Trimethylhexadiene 
Acetylenic 
Acetylene 
Alcohols 
Amylalcohol 
t-Butanol 
1-Butanol 
2-Butanol 
n-Butylalcohol 
Cyclohexanol 
2-n-Butoxyethanol  (also  an  ether) 
Ethylalcohol 
2-(2-Butoxybutoxy)tehanol 
Ethylene  Glycol  (dihydra  alcohol 
or glycol) 
Isodecanol 
Isopropanol 
Isobutanol 
118 
I 
TABLE C4.- FRAGMENTATION  CHANGES  WITH  ELECTRON  ENERGY  -Continued 
Oxygen  Compounds  Aldehydes 
Alcohols  (Cont 'd) 
2-rnethoxmethanol 
2-methyl-2-butanol 
2-Phenyl-2-Propanol 
n-Propanol 
2-Propanol 
Isopropanol 
2-Methyl-l-propanol 
Vinylalcohol 
Esters 
Amylacetate 
2-n-Butoxyethylacetate 
2-(2-Butoxybutoxy)eethylacetate 
2-Ethoxyethylacetate 
2-(2-Ethoxyethoxy)ethylacetate 
Ethylformate 
Isopropylacetate 
Methylacetate 
Rhenyl  acetate 
n-Propylacetate 
Isopropylacetate 
Isopropylformate 
(2-Butyrolactone) 
Ketones 
Acetophenone 
Chloracetone 
Diacetonealcohol 
Mesityl  oxide 
Methylhexonone 
Methylethylketone 
Benzaldehyde 
Butyraldehyde 
Isobutyaldehyde 
2-Furalaldehyde 
2-Methyl-2-Butanol 
Propionaldehyde 
Ethers 
Diethylether,  Ethylether 
1,3-Dioxolane 
Ethyleneoxide 
Isopropyl  ether 
Methylisopropylketone 
Methylisobutylketone 
2-Methyl-4-Pentanone 
4-Methyl-2-Pentanone 
2-Pentanone 
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TABLE  C4.-  FRAGMENTATION  CHANGES  WITH  ELECTRON ENERGY- Continued 
Nitrogen  Compounds 
Acetonitrile 
Cyanamide 
Dimethylamine 
Dimethylhydrazine 
Indole 
Methylhydrozine 
N-Methylmorpholine 
Nitrobenzene 
Nitromethane 
Skatole 
Sulfur  Compounds 
Ethylsulf  ide 
Ethylmercoptan 
Methyl  sulfide,  Dimethylsulfide 
Methylmercoptan 
Hologenated  Compounds 
Carbon  tetrachloride 
Chloracetone 
Chlorobenzene 
Chloraform 
1-Chlorapropane 
2-Chlorapropane 
Dichloroacetylene 
Dichlorobenzene 
Ethyl  chloride 
Freon-12 
Freon-22 
Freon-114 
Freon-125 
Methyl  chloride 
Methyl  chloroform 
Monochloracetylene 
Proszene 
Tetraf  luorothylene 
Vinylidene  chloride 
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TABLE C4.- FRAGMENTATION  CHANGES WITH ELECTRON  ENERGY - Concluded 
Organic Silicon  Compounds 
Hexamethyltrisiloxane 
Hexamethylcyclotrisiloxane 
Trimethyl silanol 
Inorganics 
Chlorine 
Hydrogen 
Hydrogen Fluoride 
Hydrogen Cyanide 
Nitrogen Dioxide 
Phoszene 
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APPENDIX D 
N E W  MAGNET DESIGN 
Perkin-Elmer Aerospace System has developed a new h i g h  f i e l d  i n t e n s i t y  mag- 
n e t  f o r  t h e  Two Gas Sensor.  This  magnet is  t h e  t h i r d  g e n e r a t i o n  o f  t h e  o r i g i n a l  
Langley  magnet.  This new magnet d i f f e r s  from the two p rev ious  des igns  in  in -  
c r eased  un i fo rmi ty  and  f i e ld  s t r eng th .  The three  magnets  have  essent ia l ly  the  
same weight.  Magnets of generations one and two a r e  made of Alnico V while gen- 
e r a t i o n  t h r e e  u t i l i z e s  A l n i c o  V-7. The dimensions of the  three magnets  are  shown 
i n  F i g u r e s  Dl,  D2 and D3. The new magnet  design,  third generat ion magnet ,  has  a 
f i e l d  s t r e n g t h  of about  20% greater  than the second generat ion magnet .  This  in-  
c r e a s e  i n  f i e l d  s t r e n g t h  i s  accomplished with an accompanying increase in uni- 
formity.   Pole   face maps demonst ra t ing  the  increased  uni formi ty  a re  shown i n  
F igures  D4 through D7. 
The new magnet  allows two poss ib le  modi f ica t ions .  They a r e :  
(1) The s i z e  of   magnet ic   mater ia l   can  be  decreased  in   order   to   achieve 
the  4000 g a u s s  f i e l d  f o r  which the Two Gas Sensor was designed. 
(2 1 The new magnet   can   be   used   wi th   increased   ion   ve loc i t ies   in   o rder  
t o  i n c r e a s e  t h e  s e n s i t i v i t y  of the mass spectrometer .  
Inc reas ing  the  ion  ene rgy ,  i nc reased  (wi th in  limits) t h e  i o n  d e n s i t y  f a l l i n g  
upon t h e  c o l l e c t o r  s l i t .  The  number o f  i o n s  l o s t  d u e  t o  t h e r m a l  d r i f t  i s  de- 
c reased  by increas ing  the  ion  energy .  The sample  equat ion  for  ions  in  a  mass 
spectrometer  i s  given by: 
where B i s  the  magne t i c  f i e ld  
r i s  the  rad ius  of  the  pa th  
q i s  the  ion ic  cha rge  
m i s  the  mass of  the ion 
V i s  the  acce lera t ing  energy .  
In  order  to  have  the  same r a d i u s  f o r  a given mass once the ionic energy i s  i n -  
c r eased  the  necess i ty  to  inc rease  the  s t r eng th  o f  t he  magne t i c  f i e ld  was noted. 
The magnet has the same s ize  and weight as the previous Langley magnets but 
produces a f i e l d  g r e a t e r  by 20% when  compared to  the  o ld  des ign .  S ince  the  mag- 
n e t i c  f i e l d  a p p e a r s  t o  t h e  s e c o n d  power i n  t h e  e q u a t i o n ,  a 20% i n c r e a s e  i n  B 
could compensate for a 44% change i n  V. Studies  performed i n  t h e  l a b  h a v e  shown 
t h a t  s e n s i t i v i t y  i n c r e a s e s  a l m o s t  l i n e a r l y  w i t h  i n c r e a s e s  i n  i o n  e n e r g y .  
The new magnet design allows the choice of decreased weight or increased  
s e n s i t i v i t y .  
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With the event of the new magnet design, the problems previously encountered 
concerning  charging and s t a b i l i z a t i o n  were so lved .  Charging and s t a b i l i z a t i o n  
procedures, developed during the magnet stabilization study, produced magnets in 
which no measurable change i n  flux could be measured i n  a period of over 15 weeks. 
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I 
APPENDIX .E 
I O N  SOURCE  CONSTRUCTION  MATERIALS 
Mater ia l s  used  in  ion  source  cons t ruc t ion  must  meet a r a t h e r  s t r i n g e n t  set  
of c o n d i t i o n s .  I n  a d d i t i o n  t o  t h e  n o r m a l  c h a r a c t e r i s t i c s  e x p e c t e d  o f  c o n s t r u c -  
t i on  ma te r i a l s  such  a s  adequa te  s t r eng th ,  s t ab i l i t y  and  mach ineab i l i t y ,  t he re  
a re  requi rements  of  chemica l  and  magnet ic  iner tness  which  must  be  m e t  by i o n  
source  mater ia l s .  The mater ia l ( s )  used  should  be  eas i ly  machineable  to  to le r -  
ances of 0.001" and t o  a f i n i s h  of a few mi l l i on ths  o f  an  inch .  The m a t e r i a l s  
shou ld  a l so  be s t a b l e ,  w i t h  no tendency to warp a t  t e m p e r a t u r e s  up t o  '400C. 
The above  r equ i r emen t s  p rac t i ca l ly  exc lude  a l l  ma te r i a l s ,  o the r  t han  me ta l s ,  f rom 
cons idera t ion .  The e x c e p t i o n  t o  t h i s  i s ,  o f  c o u r s e ,  t h e  d i e l e c t r i c  m a t e r i a l  
necessa ry  fo r  i n su la t ion  o f  t he  va r ious  e l ec t rodes .  The magnetic  requirement i s  
tha t  t he  ma te r i a l  have  a permeabi l i ty  of  10 o r  less, which rules  out  any ferro-  
magnetic  substance.   This w i l l  p r even t  add i t iona l  d i s to r t ion  o f  t he  e l ec t ron  
beam due t o  s t r a y  m a g n e t i c  f i e l d s .  The requirement  of chemica l  iner tness  i s  the  
most c r i t i c a l  and a l s o  t h e  m o s t  d i f f i c u l t  t o  s a t i s f y .  
Simply s t a t ed ,  t he  r equ i r emen t  i s  that  the ion source mater ia ls  should have 
no e f f ec t  wha t soeve r  on the chemical  composi t ion of  the gases  in  the ion source.  
This  means t h a t  t h e  m a t e r i a l  s h o u l d  be nonreact ive and should,  in  addi t ion,  con-  
t a i n  no impur i t ies  which  could  cause  spur ious  ind ica t ions .  ?is means a l s o  t h a t  
m e t a l s  t h a t  form p r o t e c t i v e  o x i d e  f i l m s  i n  a normal atmosphere must be avoided, 
as must metals which corrode without protective oxide coats.  Copper,  aluminum, 
t i t an ium,  magnesium  and bery l l ium are  thus  e l imina ted  f rom cons idera t ion ,  a l though 
a l loys  or  mixtures  of  the  above  are  not  ru led  out .  
Essen t i a l ly ,   t hen ,  two types of metals   are   useful :   i ron-chromium-nickel-  
molybdenum a l l o y s  and  precious  metals .  The f e r r o u s  g r o u p  a l l o y s ,  e s p e c i a l l y  
h i g h  n i c k e l  a l l o y s ,  a r e  q u i t e  i n e r t ,  b u t  o f t e n  e x c e e d i n g l y  d i f f i c u l t  t o  f a b r i -  
c a t e .   A u s t e n i t i c   s t a i n l e s s  steels (300 se r i e s )   a r e   nonmagne t i c ,   and   f a i r ly  
easy to  machine,  but  may cause spurious readings from sulfur and carbon content 
Also,  the chromium oxide film formed on t h e s e  s t e e l s  may have some tendency 
towards  contaminat ion.   Precious  metals ,   especial ly   i r idium,.   rhodium,  and  gold,  
a r e  q u i t e  i n e r t  enough for  ion  source  appl ica t ions ,  bu t  present  problems of s o f t -  
nes s  and  cos t ,  P rec ious  me ta l  p l a t ings  appea r  t o  be the  mos t  p rac t i ca l  so lu t ion  
to  the  ion  source  mater ia l  p roblem.  Some objec t ions  to  the  p la t ing  approach  have  
been raised because of poss ib le  migra t ion  of impuri ty  a toms through the,plat ing 
but  these  objec t ions  may be discounted because of the  ex t remely  low r a t e s  of d i f -  
f u s i o n  i n  s o l i d s .  A f a i r l y  t h i c k  l a y e r  of g o l d  p l a t i n g ,  w i t h  a f i n a l  rhodium 
f l a sh  coa t ing ,  shou ld  be a s a t i s f ac to ry  su r face  and  can  be e a s i l y  a p p l i e d  o v e r  
a lmost  any base metal .  
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